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Sur un effet curieux de Tacide nicotique 
(hyperemie periarticiilaire) 

par 

ERIK ASK-UPMARK, D'‘ en modecine. 

(Gc travail cst parvenu a la redaction Ic 23 l^eccmhrc ID 12). 


Dans un travail precedent, Tautcur a signalc a 1 allenlion Ic 
singulifer effet vaso-motcur, avec sensation dc chalcur, qiii accont- 
pagne souvent I’administration de I’acidc nicotique. Get effet cst 
particulierement prononce au cou, aux bras ci aiissi, a un inoiiidrc 
degre, aux jambes. L’effet produit sur Ics bras cst surlout rcniar- 
quable et a pu etre utilise, comme Tauteiir I’a niontre, pour le Irai- 
tement de certains troubles vaso-moleurs, notamment dc I’acrocya- 
nose. II consiste en une sensation de forte cbaleur, accompagiU’C dc 
rougeur de la peau, et diversement accusee dans les differcnls cas, 
mais qui esl particulierement forte en general lorsquc I’acidc nico- 
tique a etc administre a jeun, c’est-a-dire entre les repas. La dose 
employee etait de 50 a 100 mg d’acide nicotique 3 fois par jour. ^ 
La rougeur visible etait le plus prononcec, dans la r6glc, aux 
parties laterates du cou, aux epaulcs et vers le has dc bras; ellc 
etait moins apparente aux doigts, mais e’est la, par contre, que la 
sensation de cbaleur etait la plus forte. L’auteur constatait aussi que 
I’acide nicotique peut etre administre avec avanlage aux maladcs 
atteints d’affections articulaires dont le processus cst objcctivcment 
localise pour I’essentiel dans les parties mollcs dcs tissus pcriarticu- 
laire, et se m anifeste subjectivement avant tout par de la rigiditee et 


macia^r »nipcllan. (dc la fabrique Pliar- 
Malmo) nicoUquc Ido* (dc la fabrique Ferrosan h 
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EniK ask-upwauk. 

de la raidcur dans los doigte Ic matin; I'acide nicoUnuc rendait . 
pare, Is cas le n,6me service qn'un bain de mains cl, and et assounlk" 

dees “ P™™* aonmettre alors a des eL- 


Le present lrava,l a pour but de rendre compte d’un cas o4 
grace a d,verses crconstances, I'effet susvise de Pacide nicotique 
a pu etre tout particulierement bien observe. .Beware of theman 
who has one case to repart., disait avec raison le vieux Mayo II 
n’en est pas moins vrai que prccisement I’etude approfondie d’un 
cas special est parfois plus instructive que la reunion d’une docu- 
mentation nombreuse. L’histoire de la medecine offre bien des 
exemples du fait; il suffira de rappeler ici le cas d’hyperparathyroi- 
disme opere pour la premiere fois par Mandl. 


M;lle I. A., 31 ans, obsen'ee aux bains de Ramldsa (SuMe) en juillet— 
aout 1942. Anterieurement bien portante. A ete atleinte il y a 4 ans d’une 
maJadie, qui provoqua une forte dlevation de la temperature et que I’on 
crut alors t-tre une pneumonic. Fut soignee pour cette affection dans un 
liOpital pendant C semaines, mais sans que la temperature redescendit t son 
niveau normal. Maigrit a cette occasion de 15 kg, diminution de poids qui a 
persiste depuis lors. Pr^senta a plusieurs reprises au debut de la maladie de: 
la diplopie, mais qui ne reparut pas ensuite. Sommeil tanl6t bon,'tant6t 
mauvais. A beaucoup souffert de migraines ces dernieres ann6es. Avait 
souvent, au debut de I’affection, des douleurs, dans I’epigastre et des vomis- 
sements. Menstruation faible mais fr^quente (20 jours d’intervalle). Souf- 
frait d^ja au debut de la maladie de douleurs tres prononcees dans les bras 
et Jes jambes, lesquelles persisterent, rriais a un moindre degre; elle pouvait 
a peine marcher a son retour de I’hopital, tant la lianche lui faisait mal. En 
Janvier 1941, tous les doigts enflerent, bleuirent et prirent un aspect bril- 
lant; on crut a la possibility de I’existence du mal de Poncet, car le pere 
avait eu la tuberculose,' mais la radidscopie des poumons ne fit apparaitre' 
qu’un petit foyer compl element stationnaire dans la region de la clavicule- 
droite, foyer qui depuis lors est inchange. L’dpreuve sur le cobaye a donne 
un rysultat negatif. Les doigts se sont ameliores depuis lors, mais leurs 
articulations restent un peu enfldes. La malade a eprouve ces dernieres 
annees une sensation de- grande fatigue. La reaction de sedimentation a 
osciliy en ces dernieres annees enlre 6 et 10 par heure. Ni soif m polyune- 


en aucun cas. . , , 

Etat: Jeune femme tres maigre,taille 167 cm, poids 44kg. Laspect 

Imileux pommade (Salbengesicht, greasy face), mais pas de : 

Temperature subfebrile (voir les courbes de fievre ci-dessous, qui m 
Le Sldvation de temperature n’esf pas seulement premenstruelle). 

rachLardie 100 environ, aucune autre alteration physique du coeurou des 

Lumens; la radioscopie du thorax revele un etat normal. La malade est 
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passablement nerveuse, reaction de S’’ 

150/100. Signe de Hoffmann a la mam droite posi f, ' . P 
tortement accrus. signe de Babinski negalif, 

d’anomal. Mlropnlsien. Morpliologie sanguine; ‘'‘"'“f'”''';;' ® 
rouges 3.74 millions, leucocyte 6400. Melabolisme basal + — ■ 

iMNs: Jes arlJculations interjjhalangiennes des doigls presenfent un I6pr 
epaississement pericapsulaire, mais sans coloration anormale m rdduction 
de la mobilite; rien d’aulre a signaler du • cole des articulations. La 
tliyrdide ne donne lieu a aucuno observation. 



Courbe de la tempdrature pour la periotic 3 — 22. 8. Du 9 au 12, 8. mcnslrua- 
lion. La tempdrature subfcbrile indcpciulniitc tic la menstrual ion. 

Dans le cas ici consiclere, le diagnostic enceplialile on etat 
post-enceplialitique parait certaincnient. Ic plus plausible. L’eleva- 
tion de temperature persistante, la diplopie au debut de I'affection, 
les migraines, les douleurs dans differentes parlies dc rorganisme, 
I’amaigrissement prononce, le facies luisant, les constatations ncuro- 
logiques positives, autant dc symplomcs qiii scmblenl Ic inieilx 
concorder avec ce diagnostic. En cc qui conccrnc les doigts, on pent 
se demander si I’encephalitc constituail peiit-6tre une manifest alion 
d une affection rhuinatismale (affections qni, idles quo la choree, 
attaquent souvent le cei^mau), ou si les alterations arliculaires 
sent un phenomene secondaire de I’encepbalito, dans le sens ofi 
entendnnt certains auteurs (Liclitwitz, etc.), Quoi qii’il cn soil, 

lies svmTr 77“™ lo n'xtarlc a un Irailcicnt 

01 X TeZ in” <>o cliiodi hyrosinn 

exclure totalement Pexistencc. et d„ .nipejfan, (J„J, nicoi 3 
es (el ne rappelanl nullcmcnt la inaladie dc 


ERIK ASK-UPMARK. 

Basedow^ Or, il se produisit ce fait remarquable que toutes les foh 
qu die prii du mipellan, (50 a 100 g d’acide nicotique 3 fois par joL 
la malade eprouva une sensation generate de chalcur et me hyplemk 
active ires marquee, laquelle etait exclusivement localisee dans la peau 
des articulations des extremUes, tandis que la region inlerarticulaire 
en etait totalement exernpte: on ne constata par aiJleurs qu’une ccr- 
taine rongeur des parties iaterales du cou, du lobe des oreilles et, for- 
tement accusee, de la peau du manubrium sterni, L’effet produit 
etait tres curieux a observer; 10 minutes apres I’absorption de I’acide 
nicotique, la malade eprouvait une certaine sensation de froid et 
paiissait, et 7 minutes plus tard apparaissait la rougeur mentionnee 
ci-dessus, tout d’abord au cou, puis sur les cotes posterieur et sur- 
tout anterieur du coude (mais non sur les parties Iaterales), ensuite 
aux articulations des epaules, des poignets et des genoux, plus lard 
encore a I’articulation^etacarpo-phalangienne du pouce et aux arti- 
culations talocrurales (aux deux malleoles), et pour finir aux autres 
articulations des doigts, En meme temps la tension arterielle dimi- 
nua quelque peu (passant de 140/90 a 120/80) et une agreable sen- 
sation de chaleur envahit I’organisme. On avail Vimpression d’avoir 
devant soi une femme aux articulations tatouees en rouge. 

II est difficile de se prononcer sur le role joue par I’encephalite 
presumee dans Tapparition du phenomene ici considdre. D’une part, 
I’hyperemie cutanee est particulierement accusee aux epaules et aux 
bras, ce qui se constate babituellement en cas d’absorption d’acide 
nicotique (Ask-Upmark). D’autre part, I’electivite marquee a la 
•peau des regions articulaires n’est guere apparue de la meme fa?on 
dans les cas observes auparavant. On a deja rappele qu’un groupe de 
savants ont voulu placer dans le tronc cerebral le substratum pri- 
maire de I’infection rhumatismale et specialement de la maladie de 
Still. Lots meme que differentes raisons, telles que. la presence de 
nodules d ’Aschoff dans le myocarde et les capsules articulaires 
rendent le fait peu probable, il faut bien presumer qu’il existe une 
connexion etroite entre le tronc cerebral et notamment de sa partie 
dien-mesencephale, d’une part, et, de I’autre, les articulations: elle 
est attestee, d’un cote, par I’apparition de la choree a la suite de 
I’infection rhumatismale, cependant que, d’un autre cote, on a icu 
de tenir a priori pour probable I’existence d’un lien entre le centre 
1 glement de fa Mpdrature et de la leucopoiese et les organes 
^esenchymaux d’ex&ution de .a reaction a«er«i,ae (of, la I.e^o 
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et I’affection polyarticulaire de la maladie de serum). On pent con- 
cevoir, il est vrai, que cette coincidence nc serait qu apparenle, et 
que ce qu’il y a de commun dans les plienomenes en question doit 
etre clierche dans un engagement dcs vaisseaux, si caracleristique, 
on le sait, dans I’infection rhumatismale. Quoi qu’il en soit, Je fait 
merite d’etre retenu que certains estiment que I’acide nicotique ou 
son amide exerce son effet par le tronc cerebral, et, en outre, quo les 
alterations cutanees du manubrium (oularougeur elaitparticuliere- 
ment marguee) peuvent etre tres caracteristiques dans renccplialile. 
II semble bien, a la Jumiere de cos faits, que I’observation ici consi- 
deree puisse constituer une contribution, asscz modeslc, il est 
vrai, a I’dtude de la biologic des structures periarliculaires. Il 
appartiendra aux reclierches ulterieures de dire si notre observa- 
tion peut etre utilisee en tlierapeutique; les experiences que nous 
avons deja fai es a cet dgard (voir cc qui preedde.) paraissent cncou- 
rageantes. 


R6sum6. 

L auteur decrit Ic cas d’une femme de 31 ans, souffrant depuis 
4 ans d un etat post-cncephalitiquc et qui reagit a radministration 
d acide nicotique par une intense hyperemic cutande, exclusive- 
ment localisd dans la peau dcs articulations des extremite.s. Il 
effleure, dans la discussion du cas, la question d’un lien evenluel 
entre le tronc cerebral et les articulations. 


Bibliographic. 

Ask-Upmark, E.: Nordisk Medicin (sous presse). 



Acta Medica Scandinavica Vol. CXIV, fasc. I, 1943. 
u “d tr Me 

Schweden. ° ' 


Frequenz und Dauer der subjektiven Wirkungen 
und Nebenwirkungen von Benzedrin und Pervitin 
bei hochgradiger Ermiidung. 

Von 

NILS ALWALL. 

(Bci der Redaktion am 26 Oktober 1942 eingegangen.) 


Ober die Wirkungen, die Benzedrin (^-PhenyJisopropylanjin) 
und Pervitin (N-Mcthyl-zJ-phenylisopropylamin) auf nicht ermudete 
•Personen liaben, liegt ein reiclies Schrifttum vor, und zwar sowohl 
was den sultjekliven Effekt dieser Pbarmaka als ihre Wirkungen 
auf psycliischc Funktionen betrifft (Bourdon-Tests, Rethenproben 
usw.). Audi der EinfJuss auf die physisdie Leistungsfahigkeit ist 
unteisucbt wordcn, liauptsachlich jedoch an vorher nicht oder ver- 
haltnissniassig wenig ermudeten Menschen. 

In einer folgenden Arbeit (Ahvall, 1943) Averden Studien an 
einem grosseren Material uber die Einwirkung von Benzedrin und 
Pervitin auf die physisdie und die psychische Leistungsfahigkeit 
hochgradig erniiideter Menschen vorgelegt. 

Hier werden Untersuchungen uber die subjektiven 'Wirkungen 
und Nebenwirkungen von Benzedrin und Pervitin an deniseiben 
Material mitgeteilt. Die Resultate dieser an hochgradig ermudeten 
Menschen ausgefiihrten Untersuchungen veranlassen eine t)ber- 
priifung geivisser Angaben fiber die Wirkungen und Nebenwir- 
kungen dieser Mittel, von denen einige alssosicherbetrachtetwor- 
den sind, dass man sie schon in den Lehrbuchern findet, Auch ein 
Vergleicli zvischen den Wirkungen von Benzedrin und Pervitin unier 



fhequenz und- daueu der subjektiyen wirkungen usw. . / 

Ijesonderer Beriicksichtigung der Wirkungsstarke und der Ncben- 
wirkungen ist im Rahmen dieser Untersuclmng aiispfuhrt worden. 
Ein soldier Vergleidi liegt bisher im einsdiliigigen Sdinfltum 

nicht vor. • . • i r t i 

Die Darstellung der Versudisergebnissc gliedert sidi lolgenclei- 

massen: 

Material, Brmudung. 

Kap. I. Studien iiber die su’bjekliven Wirkungen und Nebenwirkungen 
des Benzedrins und Pervitins bei liodigradiger Ermiidung. 

Kap. II. Vergleidi zwisdien Benzedrin und Pervitin mil Rucksichl auf 
die Wirkungen und Nebenwirkungen. 


Material, Ermiidung, 

720 wohltrainierte Soldalen, hauptsudilidi im Alter von 20 — 22 Jabrcn 
ivurden durdi Daueranstrengungen wabrend dreier Niidite und an den 
Zwisdientagen fast ohne Sdilaf hodigradig ermiidet. Eine folgende Arbeit, 
Ahvall, 1943, gibt die ivesentlicben Einzelbeilen der Ermudungsubiingen, 
Die Teilnelimer warcn auf C tlbungskompanion verteilt. Die Tcilncb- 
mernummern von 1 bis 720 wurden so verteilt, dass jede Kompanie gleidi- 
massig viele Nummern aus den vcrsdiiedenen Versuclisserien zuge'wiesen 
bekam (Tabelle 1). Dererste Mann der Kompanie erliielt eine Nnmmcr aus 


Tabelle 1. 

Vcrtcilung der Teiluehmcrnummcrn und TablcUcn, 

B = Benzedrin. P = Pervitin, 3. Tag = Morgen dc.s vorlelzlcn Tagc.s 
4. Tag = Morgen des letzten Tages. ’ 


Versuclis- 

serie 

1. 

2. 

3. 

4. , 

f). 

. 6. 

Tablellen: 

3. Tag 

4. Tag 

Leertabl. 

20 mg B 

30 mg B 

1 8 mg P 

20 mg B 
20 mg B 

20 mg B 
l.cerlabl. 

601—020 

621-610 

641—660 

661—680 

681—700 

701—720 

Teilnehnier- 

niimmern: 

1. Komp. 

2. Komp. 

3. Komp. 

4. Komp. 

5. Komp. 

6. Komp. 

1— 20 
21— 40 
41— 60 
61— 80 
SI— 100 
101—120 

121—140 

141—160 

161—180 

181—200 

201—220 

221—240 

241-260 

261—280 

281—300 

301—320 

321—310 

341—360 

361—380 

381—400 

401—420 

421—140 

441—460 

461—480 

• 

481— .500 
501—520 
521—540 
541— .560 
561—580 
581—600 
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der niedrigsten Serie, der zweite Mann eine Nummer aus der nadisthoheren 
Serie usw. Hierdurch bekam man die Gewahr, dass die Versuchspersonen 
aller Tablettenserien gleiclimassig stark angestrengt MTirden. Das 'Dbungs- 
programm aller Kompanien war dasselbe und die Anstrengungen somit 
nacli Mogliclikeit die gleiclien; etwaige Unterscliiede Avurden durch die Ver- 
teilung der Personennummern in der afigegebenen Weise ausgeglicben. 

Die einzelnen Serien bekamen ihre Tablettenzuleilung gemass Tab. 1. 
Die Versucbspersonen der Serien 1 — 4 erhielten die Tabletten erst am 
Morgen des letzten Tages um 6 Uhr, die der Serien 5 und 6 bekamen 20 mg 
Benzedrin am Morgen des vorletzlen tJbungstages um 8 Uhr; Serie 5 bekam 
ausserdem die gleiche Dosis am Morgen des letzten Tages, Serie 6 statt 
dessen Leertabletten. Samtliche Versuchsteilnehmer bekamen die Tablet- 
ten nacb einer leicbteren Mablzeit. Die Serien 3 und 4 erhielten erst jedocb 
nur zwei Drittel Hirer Dosis und den Rest etwa % Stunde spater, um Neben- 
Avirkungen bei zu schneller Resorption einer grossen Dosis zu vermeiden. 

Um die Wjrkung von Benzedrin und Pervitin zuvergleichen, bekamen 
die Serien 2^4 20 oder 30 mg Benzedrin bzw. 18 mg Pervitin. Zwar 
liegen Angaben vor, Pervitin sei doppelt so ivirksam wie Benzedrin, ^ or- 
versuche Iton aber als ivahpschainBch erkeanen, dass die Wirtagsbratt 
elsva dieselbe ist. Desbalb iviirde die genannte Dosis gevvahit da nur eme 
Versucbsserie Mr Pervitin, dessen Tabletten je ^ “tbielten ™r Ve 
fiimine stand Dadurch boten sich folgende Vergleichsmogbchkeiten. 
dT« von fn mg PerviUn gleich der Wirknng von kO mg Bensednn 
Oder grosser baw. eiieicht sie die Wirkung von 30 mg Benzedrin? 

Dieienieen, die sich wahrend der Cbungen tank meldeten, 

wurdef arztlich nntersncht. Der Gesundheitssustand 
wiira A 1043 Eswurdebesondersnach- 

wahrenddert}bungenAvargut,A.iy4d. , Ei- 

geprult, dass.die Vp. nnch die Grunde 

nige F«le. beiidenen die Ergebmsse aus 

unzuverlassig erschienen, vvur en ™'’ j dass cs verschie- 

= s:r :r 

um )>Nahrtabletten)) handelte. 


Kap. I. 

„aien iiber die 

“^“"?^rv^s"och4diger Ermffduug. 

„on Versuchspe rsouen jur^ 

iSSrage vorgeiegt, die mit da oder Nein an bean - 
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.vorten ^varen, von den Fragen nach der Daner dcr Wirkungcn ab- 

aesehen. Die Fragen wurdcn in erforderhehem Umfang kommen- 
& 

tiert. 


I. Giinstige Wirkungen. 

A. Die Wirkimg dcs am Morgen dcs Icizlcn Tages cingcnommcncn 
Benzedrins und PerviUns am sclben Tagc. 

Der Grad dcr Ernnidung nach Bccndigung der Ernuidungs- 
iibnngen und vor dcr Tahletlcnzuleilung ist aus Tabcllc 2 zu er- 
sehen. In samtlichcn Scricn sind die Zahlcn c^wa dicseibcn. 


Tabellc 2. 

Das subjektivc Bcfiiulcn am I^rorgcn dcs Ictzlcii Vcrsuclislages vor dcin Jiliii- 

nehmen der Tablcllcn. 


Vcrsuchsscric 

1. 

2. 

.3. 

•1. 

B 

y==|^ 

Anzahl dcr Vp., von denen Anl- 
worten vorlicgcn 

105 

108 

113 

100 

92 

no 

Von dicsen Vcrsuclispcrsonci 
meldclen (in Prozent): 
MOdigkeit 

88 

92 

85 

83 

80 

80 

Sdilsifrigkcil 


91 

85 

81 

83 

81 

Uniust 

(■>3 

09 

70 

57 

01 

05 

Vcrminderle Mcrkfaliigkcil .. 

59 

on 

70 

51 

01 

51 

Sclnvicrigkcil, den Iclzloi 
Toil der t)l)iingcn Mcgci. 
grosser Mfldigkcit durchzii- 

fuhren 

' ■ • • 

50 

•12 

50 

42 

42 

38 


Die Ergebnisse der Sericn 5 und 6 werden erst, unlcr B bespro- 
Chen. Die Serien 2—1 werden er.sl in Kap. II unloroinandcr ver- 
ghchen; Jner werden sic unlcr der gcmcinsanien Bezeiclinuir^ 
Benzednn-Pervitin-Sericn zusaminengcrasst. 

Kgur 1 veranschaulicht die HSufigkcil Jiusligcr MildigM n,a 
Mrtcn Tage w and nach dom Einnchmen dcr TaWclten, In do, 
Kontrollsene Iitlcn wSIircnd des Ictzlcn Nadilniarsclies Go »/ nnici 
sch^rer Msdigkcit, vor der TablcUcnauagahe 88 o) ™ 
nnttag desseii.on Tagos d, •/,, „„d dicser iddlfiaf 'zun. Nal 
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mittag konstant. Die entsprechenden Prozentsatze in den Benzc- 
drin-Pervitin-Serien sind: etwa 60 % beim Nachtmarscb, 83 — 92 % 
morgens vor der Tablettendusgabe. Am Vormittag nur 5—8 %, 
am Nachmittag etwas mehii 14—23 %. Somit tritt ein sponlaner 
Riickgang der Miidigkeit im Laufe des Pages ein, der jedocli in 
■ keiner Weise der Abnahme entspficht, die nacb Benzedrin und Per- 



• 1 nip Wirkung dauert aucli am 

ritin vemicl.net werden kann. D.e 

NSachniittag, also noch ® Hautigkeit des Symptoms 

Figur 2 .eigtdieSch.van^^ geben nacMs 39 % die- 
Muskelschmerzen. In der i ^ Nachmittag 24 /o- 

symptom an, am Vormittag / o tspreclienden Zablen 

rden Bensed.dn-Pervit.n-Senen •nd d 

26-38 %, 12-20 % de. sich an. Nacl.m.ttag 

Frequenz des Symp o Yergleicb zur Kontrollserie). 

im ganzen. ausgeglichen hat (m g schmerzbetontes 

Die Einwirkung der TaWette -pages, 

Erlelmis, die Fasstesctaaerden. am 
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vor dem Einnehmen der Tabletten, wurde cine Besicliligiing cier 
Fusse vorgenommen. Es meldeten . sicli in den vcrscliicdenen 
Serien etwa 10 (9.2 — 11.8) % der Versuchspcrsonen. Die %-ZaliI 
derjenigen, die wegen Fussbesclnverdcn von der Tcilnahme am Ge- 
landelauf befreit warden, betragtin den Bcnzedrin-Pcrvilin-Serien: 
Ser.2:7,3, Ser. 3:5.8 and Ser. 4 : 7.0; in der Kontrollserie: 4.5 %. Die 
betreffenden Versuclispersonen liatlen BJasen an den Fiissen Oder 
andere Schaden, die beimLaufen einewesenllicheBeliindcuingbe- 
deuten inussten. Diese Zusanimcnslellung ist aiich fiir das Ergebnis 
des Geiandeiaufs (Alwali, 1943) von Interossc. Sic zcigl ndmlicb 



AulLt vo“u“, Wlf d'f'r 

Serien leslgestelllc bessere Ergcbnbi'„M,'t".,'''f" 
sc);eiduug von Versnebspersonen mit r Aus 

sem Zusammenliang sind die Aimibe In die- 

von Interesse, die der Mci„u„„ ,4ren rii' ’r ' “ 

Ze.t beim GeBndelauf verschrecliierl ’ 

sprechen eUva halb so vWc in den Re enl- 

%. Ser. 3 19 „„d Ser. 4 ,6 y Ser. 2 

enpiiorische Stin«„„„g die Iieilcre und 

'*en nnd damit anch ein „orirr “hmcrr.b„ft er- 

tZlTl VergWcrmu"f'™^ '’‘■™ G<'i«"<ielauf 

Mnskelschmerzen von ■ inteesso " de, 

Pignr 3 ersieht man Hanfigkeil „„d n 

8 uiKl Daucr cupl,oriscl,cr 
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Stimmungen ,nach dem Einnehmen der TahJptfpn ir 

in L Rpn 21-14 o/o. Entsprechend 

m den Benzednn-Pervitin-Serien; 


70 79 %, 58 — 68 % und 



Figur 3. Angaben iiber gehobene Stitnmung (Heiterkeit, erhohles Sclbsl- 
vertrauen, Zuversicht) in den Serien 1 — 6 am letzten Morgen, 2 Stdn. nach dem 
Einnehmen der Tabletten, sowie-am Vormittag und Nachmittag. Die x-Achse 
gibt den Zeitpunkt an, die y-Achse die Anzahl der Vp, in Prozent. 


38 — 55 %. Wir finden hier also eine ausgepragte Hebung der Stim- 
niung, die zwar im Laufe des Tages ein wenig nachlasst, aber noch 
gegen Abend unverkennbar andauert, 

Figur 4 veranschaulicht die Dauer giinstiger Wirkungen irgend- 
welcher Art wahrend des letzten Tages durch die am Morgen einge- 
nommenen Tabletten. Diese Frage 'ivurde mit Riicksicht darauf 
gestellt, da'Ss es den ungescbulten Teilnehmern schwerfallt, sichere 
Antworten auf mehr ins einzelne gehende Fragen abzugeben. 
Der unniittelbare suggestive Effekt der Leertabletten in Serie 1 
nimmt anfangs ein wenig ab, bleibt dann 5—6 Stunden konstant und 
nimmt dann wieder sukzessiv stark ab. Diese Kurve zeigt die noi- 
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■ 90 
80 
70 
60 
50 
40 
30 
20 
10 

Ze'itst. 5 10 15 5 10 15 5 10 15 

Fiour i. Haufiakeit und Daucr dcr glinsligcn Tablctlcinvirkungcn am vor- 
letzten (3.) und Iclztcn (4.) Tagc nach dcm Einnchmcn dcr Tablctlcn an den 
betreffenden Tagen. Die x-Achsc gibt die .Wirkungsdaucr in Slnndcn an, die 
y-Achse die Anzahl dcr Vp. in Prozent. Die cingczcichnctcii Zalilcn geben die 
Sericn an, auf die sich die Kurven bczichcn. 


freqoenz und dauer der 


subjektiven WIRKUKGEN US\\. 



male Variation der Miidigkeit im Laufe des Tages (Kleiinian, 1939; 
sielie Alwall, 1943) was die Vp. ganz sclbstverslandlich mil den 
Tabletten in Verbindung liringen. 

In den Benzedrin-Pervitin-Serien liegen die Zahlcn sebon von 
Anfang an auf grosserer Hdhe und fallen langsamcr ab als in dcr 
Kontrollserie, In der Kontrollserie dauert der giinsligc Effekl 
durchschnittlich 3.3 Stunden an, in den Bcnzedrin-Pervilin- 
Serien 6.4 — 8.4 Stunden; das Obcrgewicht der letzlcrcn ist ge- 
sicliert. 

In diesen Versuchen ist also bci ciner nicbl geringen AnzabI 
von Vp. eine mindesiens 12 Slunden anhalfendc Wirlamg dcr 
Tabletten festgestellt worden. Indessen gewinnt man dadiircb 
kein zuverlassiges Bild davon, wie lange die Benzedrin- 1)z\y. 
Pervitinwirkung andauern kann, denn die Observationszeit wird 

durcb das Zubettgeben der Vp. am Abend des letzten Versuclis- 
tages begrenzt. 
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B. D,c mrlarnj, dcs am Morgen des vorUzIen Tagcs aerabloigtm 
Ben^cdrins an dcmsdbm imd dm folgenden Tage. 


Die folgcnde Diskussion geht aus von einem Vergleich zwischen 
Sene 1 und den Serien 5 und 6 am vorletzten und letzten Tage des 
Dremachleversuchs. Die Vp. dei letzteren beiden Serien bekamen 
am Morgen dcs vorlelzten Tages 20 mg Benzedrin und am Morgen 
des letzten Tages noclimals 20 mg Benzedrin (Sei. 5) bzw. Leer- 
tabletten (Ser. 6). 

rigui 4 veranschauliclit auch die Haufigkeit und Dauer giinsti- 
. gcr Wirkungen irgcndivclchcr Art am driiten Tage nach der Einvei- 
^ leibung von Benzedrin am Morgen desseJben Tages in Serie 5 und 6. 
Irotz der zu diesem Zeitpunkt der Ubungen noch wenigerstarken 
Ermiidung hat die Dosis von 20 mg Benzedrin am dritten Tage 
etwa' diesclbc AVirkung wie die erst am letzten Tage den Vp, der 
Serie 2 verabfoigte gleich grosse Dosis. Die giinstige Wirkung be- 
stelifr am dritten Tage mindestens 4 Stunden lang in 82— -86 % 
der Serien 5 und G (90 % am vierten Tage in Serie 2), mindestens 
8 Stunden in 64—67 % (63 %) und mindestens 1 2 Stunden in 30—18 % 
(11 %). Die Wirkung scheint also am letzten Tage etuas sclinel- 
ler aligeklungen zu sein, Avas auch in dem Mittehvert der AVirkungs- 
dauer, 7,8 — 8,5 Stunden (6.4), zum Ausdruck kommt. Hier muss 
jedoch die Iciirzere Observationsdauer in Serie 2 beriicksichtigt wer- 
den, da die A^ersuclispersonen dieser Serie abends zu Bett gingen, 
wahrend die t)bungen in der auf den dritten Tag folgenden Nacht 
Aveitergingen, Aveshalb die Prozentzahlen nach 12 .Stunden am 

vierten Tag und die' Mittehverteder AAhrkungsdauerunzuverlassig 


sind. 

Die Frage nach der Daucr der Benzcdrimvirkung muss durch 
Serie 6 beantwortet Averden. Serie 6 Avollen AAur mit Serie 1 ver- 
gleichen. Beide bekamen am letzten Tage Leertabletten, dock hatte 
Serie 6 am A^ortage 20 mg Benzedrin bekommen. Lasst sicli erne 


fortdauernde AAhrkung dessen eikennen? 

Wir sehenin Figur 4 bei Serie 6 am vierten Tag eine AAirkung 
der Leertabletten, die annaliernd der in Serie 2 beobachteten ent- 
spricht und erlieblich iiber der in Serie 1 liegt. Die AVirkung auer 
Is Stunden an (in Serie 1 3.3 Stunden); giinstige AVirkung Avahren 



„EQOESZ vm DAVEI. BEE SEBIEKIIVEK WIEKENCES USAV. ' 1;> 

mindestens 4 Stunden mcMcn 70 (41) %, wahrend 8 Stundon 48 
mfy “ahrend 12 Stunden 17 (3) %• Entsclnedonen Nutacn 
Lr Mdetten wollen C8 (40) % vcrspurt liaben. Es liegl also 
eine seit dem Vortage andaucrnde Bcnzednmvirkung in Scrie 
0 vor, die einen langdaucrndcn suggestivcn Eftckt dcr Lecrlab- 
Ictten gestattet. 

Figiir 1: Die Miidigkeit ist bei den Yp. der Sene 6 walircncl der 
letzten Nacht vieileicht etwas geringer als in Seric 1: 54 (6 d) %. 
Wahrend am Morgen die Miidigkeit prakliscb die glciche isi, 
licgen die Werte der Seric 6 sowolil .am Voimittag als am Nach- 
mittag des letzten Tages erheblich unlcr denen dcr Seric 1: 24 
(41) bzw. 27 (41) %. Dies besagt, dass die Vp. der. Scrie 6 sich 
in einer besseren Ausgangslagc hefinden und sick ini Laufe 


des Tages besser 'crlioJen. — Die prozentuaje Haufigkeit der 
Muskelschmerzen ist in Seric 6 etwas niedriger, wcnigslens am 
Yormittag, 

Figur 3; Am driiten Yersuebstage zeigen die Scrien 5 und 6 
Euphoric (Heiterkeit, Selbslverlrauen, Zuvcrsiclit) im selhen Aus- 
niass ivie Serie 2 nach der Dosis des letzten Tages. Trolz der iinglcicli 
hochgradigen Ermiidung ist die Reaktion also gleicb stark. Die Zah- 
len der Serie 6 liegen am letzten Tage durclnveg bedeulond iilier 
denen der Serie 1. 

Trolz der im Laujc des Vcrsuchs zmehmenden MiidigkciJ, die in 
Seric 6 sichcrlich grosser ist als in Scrie 1 (sichc unlcn!), iiben 20 mg 
Benzedrin, die am Morgen dcs dritten Versiichsfages vcrabfolgt unirdcn, 
noth chva 36 Siunden spater cine dcufliche Wirkimg. 

AViire diese Dosis bei geringercr Ermiidung verabfolgt woidcn 
so diirfte man mit einer nock langeren Wirkungsdauer haben rech- 
nen konnen. 


Die Ft age nach der ^\'irJ\ung wicderhoKcr Benzedrindosen kann 
durch Sene 5 sludicrt iverden, die am vorlelzlcn und lelzlen 
Tage 20 mg Benzedrin bekam. Diese Serie wird mit Seric 
2 verglichen, die nur am letzten Tage 20 mg Benzedrin bekom- 


Die gunslige ^Yjrku^g irgendwelchcr Art (Fig. 4) dauort in Serie 
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Tabclle 3. 

(Scr.^i) luul \s'mg Pcn'iull" Ser’T) Benzcdrin 

sintl don wcUcr ol,cf, vcrdffcnllicw;,, L 

flic absoliifcii Wcrlc aufgctOhrt fftr ri^ F0rScr.2werden 

dlcscn Wcrtcn. I'nr I c wMal-Mv J, Senen die Abweichungen von 

%nnectrcbcii fnr don roi- i / V-' o®* ^^l^kungcn sind die Werte in 

uTf Sc r ,osi inSekunden. BczQglich Muskelsehmerzen uml 

i.nur Posilhc /a den \ cnnit.dcrung dcr Werte = bcsscre Ergebnisran 

Die 1 abcllc A\dl cine tibcrsichl Ober die Unlcrscbiede geben. 




Untcrschiec 

gegenOber I 


Serie 2. 

20 mg 
Bciizedrin 

Serie 2 


Serie 3. 

30 mg 
Benzedrin 

Serie 4. 

18 mg 
Pervitin 

Ausgcruht vonu 

22 

+ 12 

+ 5 

.Miiskeisclimcrzcn vorm 

20 

+ 8 


gcliobcne Slimmung vorm 

78 

0 

— 7 

iiacJim 

71 

+ 7 

— 3 

abends .... 

,'jO 

+ 16 

~ 2 

gnnslige Wirkung 2 Sldn 

9.3 

+ 6 

—17 

•t . 

90 

5 

—17 

S . 

03 

+ 17 

— 2 

12 


+ 9 

+ 7 

entscJiicdcner N'ntzcn der Tab). .. 

87 

-f* 

- 4 

Gcirindclaiif (.Mwall. 1913) 

10 

+ 4.1 

+ 14 


Miidigkfil iincl MuslccJsclimcrzcn (Fig, 1 und 2): die giinstige 
Wirkung in Serie 5 ist ctwas geringcr als in Serie 2. Dassclbe gilt 
von dcr cupliorisclien Slimmung, Fig. 3. 

Die hicr angefuhrlcn Ergebnisse stcllen zwar niclitmit Sicherheit 
cine Kumulalion dcr Wirkung bci der nach 24 Stunden wiederhol- 
ten Bcnzcdrinvcrabfolgiing fcsl, andererseits aber erlauben die 
Vcrsuclisbedingungen niclit den Schluss, dass die zueite Dosis 


weniger wirksain sci als die erste. 

Unter dem Einfluss dcr ersten Benzedrindosis durften die Vp. 
Serie 5 (cbenso Seiie 6) am dritten Tage und in der folgenden Nacht 
cine slarkcrc Akliviliit cntwickelt und die kurzen Pausen fiir Rube 
und Entspannung weniger ausgenutzt haben als die ubiigen. 
Dcsbalb diiiften die Kraftercserven bei diesen Serien am vierten 
Tage kleincr gewesen scin, wenn dies auch vielleicht durcli die seit 
dem Vorlage andauernde Benzedrinwirkung verdeckt wird. Man 










FREQVENZ UND DAUER DER SUBJEKTIVEN 
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<iurfte dalier unter diesen Bcdingungen von vornlierem rait fol„cn- 
den Moglichkeiten m rechnen haben: 1) dass dicselbe Dos.s bci den 
rstarker ermudeten Vp. trotz etwaiger Kumulation einc gcrmgerc 
^Virkung auslost, so dass in Serie 5 eine grossere zweite Dosis erfor- 
derlich ware, urn dieselbe Wirkung zu liaben als die, die sich bci 20 
mg Benzedrin am letzten Tage in Serie 2 ergab; 2) dass die in Serie 5 
ermudeten Vp. uberhaupt niclit mehr in gleichem Masse auf Ben- 


zedrin zu reagieren vermogen wie Serie 2. 

3) Die Mogliclikeit, dass die vom Vorlago nocb andauerndc 
Benzedrinwirkung zusammen mit der am letzten Tage verabfolgten 
Dosis tJberdosierung verursacht hat, muss mit in Betraclit gezogen 
werden. Dabei konnten — wie weitcr unten ausgefiilirt wird — 
die bei der Cberdosierung auftrelenden Nebcnwirkuiigcn die 
gunstigen Wirkungen iibcrdecken, so dass letztere anscheinend in 
geringerer Frequenz auftreten. Figur 5 zeigt, dass Kopfsclmicrz 
und Schwindel am letzten Tage in Serie 5 in grosserer Haufigkeit 
vertreten sind als in Serie 2, Diese verballnismassig kurzdauern- 
den Symptome konnen indessen nicht die Unterschiede zwischen 
den Ergebnissen der beiden Serien im spalercn Verlaiif dcs Iclzlcn 
Tages erklaren. 

4) Dass sclinell Gewolmung einlritt, so dass die Vp.in Serie 5 auf 
die wiedeibolte Dosis dcs letzten Tages weniger reagieren. Dc.s- 
halb konnte die Wirkung diescr Dosis — trotz der noch vom Vor- 
tage her andauernden Benzedrinwirkung — nicht grosser scin als 
•die Wirkung derselben Dosis, wenn sic Serie 2 am letzten Tage etst- 
malig verabreicht wird. Indessen sprechen die Schrifttiimsangabcn 
gegen die Wahrscheinlichkeit einer Gewolmung bci kurzdauerndem 
therapeutischem oder sonstigem Gcbrauch. 


Andererseits haben jedoch Davidoff und Reifenstoin 1937, sowie Jacob- 
sen und seme Mitarbeiter, 1938, bei normalen Vp. wahrend der erslGn Exnc- 
rimentstage eine schwachere Wirkung gesehen. Wie aus dem oben Gesag- 
ten hervorgeht, konnen die Versuchsbedingungen zu einer sclioinbaren 
Verminderung der Benzedrinwirkung beilragen. 


2 . Ungiinstige Nebenwirkungen. 

^ ^ die Tabellen 4 und 5 geben die Hau 

Nebemvirkungen Schvindcl 

, tterzklopfen und Unruhe-Ziltern an. 

^ — Ada med. scandinav. Vol. CXIV. 
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Figitr 5. Haufigkcit uiid Daucr dcr uiigunsligen Ncbenwirkungcn am lelzlcn 
Tagc. Die Zahlcn sind die Seriennummern. Die x-Adise gibt die Zeit in Stun- 
den an, die y-Achsc die Anzahl dcr Vp. in Prozent. 

In erster Linic Averden die Sericn 1 — 4 abgeliandcit. Die Anzahl 
der Vp., die subjeldive Bescliwerden irgendwelcher Art melden, ist 
in alien Sericn ungefahr die gleiche, namlich eDva 20 % (Tabelle 4). 
\Vir linden (Figur 5, Tabelle 5) Schwindel-Kopjschmerz in 7 — 14 %. 
dor Bcnzcdrin-Pcrvilin-Serien (16 % der Konlrollserie) -wahrend 
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Tabelle 4. 


Frequeuz URfi 


Starke clcr ungiinsligen Nebcnwirkuiigeji am 
Iclzlcn Tage. 


vorlctzlcn imd 


Versuclisscric 

1. 

2. 

3. 

4. 

5. 

G. 



Aiizahl der Vp. mil irgcndwclclien Beschwerden 





23 

19 

ani, vorletztei) 

23 

24 

20 

21 

16 

20 

am letzten xage 

AnzaJil der Vp., die ijire Felddiensttauglicli- 
keit fur vorubcrgcliend herabgeselzt bicltcr. 





1.!) 

3.6 

am vorletztcn T age 

am letzten Tage 

•l.‘l 

2.8 

3.5 

1.0 

4.7 

8.2 


einer halben Stiinde. Dann nimmt die Haufigkcit scltncll ab. Mili- 
lere Dauer 1—1.8 (2.8) Stunden. Die Bcsclnvcrdcn liallcn also in 
der Kontrollreihe langer an, was so zu crklaren ist, dass Scliwindel 
und Kopfschmerzen grossenteils auf die Erntiidung zuriickzufulircn 
sind; diese Beschwerden wcrden durcli Bcnzcdrin odor Pervitin be- 
hoben. 

Die Unruhe und das Ziitcrn haben cine inilllcre Dauer von 
1.5— 1.7 (5) Stunden. Die Tabletten beheben somit in nicbi gerin- 
gem Umfang diese durch die Miidigkeit bedingten Beschwerden. 

Das Herzklopfcn dauert im Mittel 1 — 1.5 (2) Stunden an. Die 
Prozentsatze liegen bier in gewissen Benzedrin-Pervilin-Serien 
boher. Wahrend einei halben Stunde 2.8 — IG (3.5) % und wain end 
zwei Stunden 0.8 — 3.6 (2.6) %. Das Benzedrin ruft also bci eineni 
gewissen Prozentsatz Plerzkiopfen liervor, doch ist diese Nebenwir- 
kung von kurzer Dauer. 

Bei der verabreichten Dosis und unler den vorlicgcndcn Unistan- 
den spielt also nur das Herzklopfen als Nebenwirkung eine gewisse 
Rolle. Indessen sind diese Beschwerden von schnell voriibergehen- 
der Natur, und die in Serie 2 gefundenen holien . Werte durften 
wenigstens teilweise durch Zufalligkeiten bedingt sein, auf die in 
Kap. II naher eingegangen wird. 


Der Grad der in Rede stehenden Nebenwirkungen wird durcli 
die Antworten auf die Fragc beleuclitet, inwieweit die Beschwerden 
subjektiv vorubergehend die Felddienstfahigkeit herabgeselzt hiil- 
ten, Tabelle 5. 1.9-2.S (4,4) % haben diese Frage bojaht. 
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Tabelle 5. . ■ 

vctsucli, vmblolgl. AussDrf™ widen d’i mnc S Sm rmfr””"'" 
DicTabcllc aviII cine sohematische Obersicht geben. 



Scr. 2. 
20 mg 
Benz. 

Kon- 

troD- 

serie 

Anderung geg 
S e r. 2. 

e n ii b e r 

4. Versuchstag 

3. Ver- 
suchstag 

Ser. 3. 
30 mg 
Benz. 

Ser. 4. 
18 mg 
Perv. 

Ser. 5. 
20 mg 
Benz. 

Ser. 5. 
und 6. 
20 mg 
Benz. 

Sclnvindel-Kopfscbmerz 







1/2 Side 

14.0 

+ 2.0 

—7.0 

— 

+ 9.0 

+ 0.5 

1 » 

11.0 

+ 0.3 

—6.5 

— 0.5 

+ 10.2 

+ 1.5 

2 Sldn 

5.0 

+ 3.0 

—4.1 

— 1.6 

+ 3.0 

— 0.9 

Herzklopfen 




mu 



Side 


-12.5 

—4.0 


—10.4 

—11.0 

1 » 


— 7.5 

—1.2 


— 5.2 

— 6.1 

2 Sldn 


— 1 

—2.8 

— 2.8 

— 3.6 

— 1.8 

Unruhe-Zittern 


mu 


mi 



14 Side 

11.0 

— 2.0 

—1.0 

— 2.0 

il& 

— 6.2 

1 » 

8.2 


—1.2 

— 3.0 

KMiiw 

— 2.2 

2 Sldn 

5.2 


—2.7 

— 2.4 

- 4.3 

— 4.5 


Wie wir in einer folgenden Arbeit, Ahvall, 1943, sehen werden, 
zeigen diejenigen, die am Morgen (vorubergehendes) Herzklopfen 
batten, bessere Leistungen im Gelandelauf spater am Tage. 
Nacb dem Abklingen dieser Oberdosierungserscheinungen lag die 
verabfolgte Dosis fiir die betreffenden Versuchspersonen also naber 


ler optimalen als fur die ubrigen. 

Die Angaben fiber die Nebenwirkungen sind weniger nuanciert 
ils in der Arbeit von Bahnsen, Jacobsen und Thesleff, 1938. Hier 
yerden nur Angaben fiber die durschmittliche Schlafzeit, 8.9 Stun- 
len nicht fiber etwaige sonstige Schlafstorungen gemacht. Die 
cfirzere Scblafzeit einer gewssen Anzahl von Versuchspersonen 
lach Abschluss der Ubungen kommt daher, dass einige jungere 
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OHiziere die sportliche Leistung noch weiter treibcn wolltcn und 
slh deehdb Ms spatabends in geseffigem Beisanmicnscn svach 
hielten. Ausserdem darf man ^vohl mit der Mogliclikeit rechnen, dass 
sich bei den Angaben iiber die Schlafzeit eine gcAvisse Prahlerci gel- 
tend gemacht hat, Bei der Inspektion der Mannschaflsiaume urn 
21.30 Uhr lagen jedenfalls alle Versuchsteilnelimcr in ticfem ScJilafe 
und reagierten nicht, als Licht gemacht wui de, was die iibrigen In- 
sassen, die nicht an den Ermiidungsubungen tcilgenommen bat- 
ten, taten. Die ScJdafzeit war bis S Uhr morgens begrenzt. 


Im Zweinacliteversuch (siehe Alwall, 1943) gabon dioi Teilnelinicr der 
Benzedrins6rie (20 wg Benzedrin, etwa 240 Vp.) und ebenso vieJe dor Kon- 
trohserie (etwa dieselbe Anzabl) an, sic batten scld ecbteinsclilaf cn konnen. 


Die Schlafstorungen; die nach denselben Dosen bei niclit erinii- 
deten Versuchspersonen auftreten (Jacobsen u. Mitarb.), diirften 
hei starker Ermiidung ausbleiben oder an Haufigkeit und Starke 
nachlassen. 


• 3 . Besprechung der wichtigsten Versuchsergebnisse. 


Nachstehend werden die wichtigsten Versuclisergebnissc in 
.Anlehnung an einen Uberblick uber das Schrifitum crortert. 


a) Angmelmc Wirkungen. 


Bahnsen, Jacobsen und Thesleff legten 1938 die Ergebnissc 
'einer umfassenden Untersucliung fiber die subjekliven Wirkungen 
des Benzedrins bei nicht ermfideten Versuciispersoncn vor und 
gaben eine eingehende Analyse des Materials. Hire Arbeit ist grund- 
legend, und die folgenden Jahre haben zu den darin beruhrlen Fra- 
gen nichts wesentlich Neues erbracht, Indessen sind diese Unter- 
suchungen an Menschen ausgefuhil, die ihrer fiblichcn berufliclicn 
Arbeit nachgingen, ohne dass besondere Massnahmen zur Her- 
beifuhrung starkerer Ermiidung getroffen wurden. Prakiisch 
samtiche ubrigen emschlagigen Unlersuchu.ngen sind ebenfalls an 
^^enlg 0 er gar nicht ermfideten Personen vorgenommen worden. 


SBC .soartTn !, “ "'-'i Kcihen van jc !oo Vc 
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sc ar X^ ScHar ^,«nd dec foteenden J,ach, ReZ 

scliaft abJegen. In besonderen Serien untersuchten sie die Bedeatung der 

■Jofon ! A 'T a v^tlichen Wirkungen, die den Versuchsper- 
sonen bei Ausgabe der TabJetten erteiit ^wrde. Die Ergebnisse ^yaren bei 
neutraler and suggesliver Instruldion praktisch die gleichen 


Ein direkter Vergleich zwnschen den Befunden Jacobsens und 
seiner Mitarbeiter einerseits und den iiier vorgelegten andererseits 
verbietet sicli aus folgenden Griinden; 


J) die yp. waren niciit ermudel; 2) die Halfte der Vp. waren Frauen; 
3} die Frauen bekamen 10 mg, die Manner 20 mg Benzedrin; (Doch stellen 
B., J.und T. gewisse Angaben iiber die Versuche mil den Mannern zusam- 
mcn, wesbalb docli ein gewisser direkter Vergleich mdglich ist.) 4) unter 
den imangenelimcn Nebenwirkungen geben sie aucb die Schlafstdrun- 
gen an. 


Jacobsen und seine Mitarbeiter fanden eine uberwiegend ange- 
nehme Gesamtwirkung in 28 %, eine indifferente Cangenehni = 
unangcnchm) in 35 %. Der Vergleich scbeint mit der Summe 
dieser Zahlen, 63 %, vorzunehmen zu sein. In den hier vorgelegten 
Untersucliungen batten 20 mg Benzedrin angenehme Wirkungen 
auf 93 % der Vp. nacli 20 mg Benzedrin und 97 % nach 30 mg. 

B., J. und T. finden in 19 % keinerlei Wirkungen, weder giinstige 
noch ungiinstige. In der vorliegenden Untersuchung fehlen gun- 
stige W'irkungen liochstens bei ein paar Prozent aller Versuchsper- 
sonen; die wenigsten »Versager» finden sich in den Serien mit 30 mg 
Benzedrin, ein vdchtiger Befund. Man diirfte also vermuten kdn- 
nen, dass praktisch alJc irgendeine Wirkung ~ angenehme oder 
unangenehme — verspiirt haben und dass bei individueller Dosie- 
rung in alien Fallen eine gunstige Wirkung erzielt worden ware. 


Nathanson 1937 , befragle 55 normale Vp. iiber das subjektive Wold- 
7 TlLv Dosis von 20 mg vor dem Mittagessen genommen. Von den 
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j tA so/\ sind also unsichcr. Die meislcn 

Oder zwei Versuchspersonen (I Toliletfen ru vei’- 

Reaktionen waron 1/.-I Stande nacli Einnalmc der Tabicllen au lu 

, 

xeiclineii. 


Eine eingehendere Analyse des Malorials ist niclit durdigoful.rt 
Avorden. Die letzteren Zeitsngaben werdeii ohne Delailangabcn 
geniacht, weshalb kein kritischer Vergieich angestellt werden kann. 
Nalhansons Angaben iibei die Reaktion seiner Versuclispersonen aiif 
Eenzedrin untfassen ausserdem aiich Schlafstorungcn, 


Ranke, 1939,sclireibt in seincm kurzen Antorefcrai, aiif das ich nocb 
zuruckkomme: »Bei Vagolonikern fclill die giinsligc Wirkung.s Seiferf, 
1939, gab der baJben Truppe, 10 Jfann, vor eincni Trainingsgepackinarscb 
iibev 25 kni 12 mg Pervitin. Von der beliandcllen Gruppe gaben 8 Mann 
an, dass sie sicb auffallend friseber gcfiihlt hniien nnd die Stimmnng be.s- 
ser war, was ilinen im Vergicicli zu den friiliercn Marsclion aufgcfaJJen isf; 
die beiden ubrigen liatten koine subjeklivon Wirknngen verspiirl. Dor 
Zusland der nicht beliandeiien jrarscldeiinclimer wird im Vcrgleicli zii frii- 
heren ahnlichen Marschon als unverdndorl bczeichnel; inde.sscn Helen 5 
Mann unterwegs ans, so dass die Kontrollgruppe nur 5 Mann umfasslc. — 
Sonstiges Material wird niclit vorgelcgt, weslialb die Angaben sidi niclit 
kritiscli beurteilen lassen; »Insgesaint ergaben die Unlcrsncliungon an 
Gesunden, dass sicli eino 'iVirksamkeit dcs.Praparates in wenigstons 80 % 
der Falle nacliweisen liess. In etwa 15 % war ein Effekf niclit sichcr fosl- 
zustellen oder es trat nar ein leiclitor Unruliezusland mil HifzcgefubI ein; 
in 35 % der FSlle wirkle Pervitin ungunstig.o An andcrer Stolle des Anf- 
saizes werden unangenelime Nebenwirknngen in 15 % angegobon. 


Die in die Leiirbuciier sclion cingedrungenc Angabc, nur 
etwa 30 % reagierten auf 10—20 ing Benzedrin giinstig (durcii 
verminderte Miidigkeit, gcstcigcrle Arbcilslusl, gcholicncro 
Stimmung), kann also niclit als alJgemcin giiltig angesehen 
werden. 


Die Vorausseizung Jiir cinen giinsligen Benzedrineffckl auf Sfim- 
mung und psijchische Leislungsfahigkcil diirjlc sein, 1) dass oiu 
Ermudungszustand o. dgl. vorlicgl, der bclioben werden kann, 2) 
dass die verabfolgte Dosis in der gcgcbcncn Situation ausrciclicnd 
gross ist, 3) dass andererscits die Dosis niclit so gross ist, class die 
unangenehmen Wirknngen iiber die angcnehnicn hinnusgeiien mid 
so einen weniger guten oder gar keinen giinsligen Effckt voilau- 

nervnse Inn. ^ L^egl bereils von vornlierein einc 

Spannung, GevmVhcit o. dgl. vor, votlurcli die 
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lahigkeit herabgesetzt Avird, so durfte dieser Zustand ~ weniasiens 
vorubergehend — auch durcli eine.ge.ringe Menge Benzedrin oder 
Pprvitm verschlimmert wden kdhnen; ein Sedativum dagegen. 
konnte unter diesen Umstanden von guter Wirkung sein. Die 
bcsagte Erscheinung hindert niclit, dass eine solche Vp. nacli 
einigen Stunden wenn sich die, ungiinstige Wirkung ausge- 
glichen hat — eine bessere psychische Leistungsfalhgkeit und Aus- 
dauer haben kann. Unerwunschte Nebenwirkungen konnen mit 
giinstigem Effekt vereinbar sein. — 4) Eine unbedingte Vorausset- 
zung.fiir giinstige Wirkung ist natiirJich, dass die betreffende Per- 


son sich nicht schon im Zustand absoluter Erschopfung befindel. 

Bei slarkerer Erniiidung, wie in dem vorliegenden Materia)^ 
hat man damit zu-rechnen, dass zahlreiche, vielleicht samtliche, Vp. 
gunstig auf eine grdssere Dosis reagieren, nur verhaitnismassig 
wenige aber ungiinstig. Auf dieselbe Dosis reagiert bei einem nicht- 
ermiideten »NormalmateriaI» ein Teil gunstig, ein verhaitnismassig 
grosser, iiberwiegender Teil ungiinstig und schliesslich eine ganze 
Anzahl iiberhaupt nicht. 

Die Grundregel fiir die Darreichung dieser Mittel zum Ziele 
besserer psychischer Leistitng ist: mdglichst kleine, bei Bedarf 
evti. wiederholte Dosen. 


Wie im folgenden dargelegt wird, kann sich eine gewisse Erfahrung' 
beziiglich besserer Wirksamkeit des Pervitins moglicherweise so er- 
klaren, dass dieses Mittei in Tabletten zu 3 mg erhaltlich ist, wahrend Ben- 
zedrin” in 5- und lO-mg-Tabletten zum Verkauf kommt. Die Dosieiung ist 
gewohnlich sejne Tablettes, wobei Benzedrin bei dem geringen Ermiidungs- 
grad, bei dem die Mittel gewohnlicli zur Anwendung kommen, oft iiber- 
dosiert werden durfte. 


Was die physische Leistungsfahigkeit angeht, liegen die Dinge 
moglicherweise anders. Hier diiiften in der Regel etwas grdssere 
Dosen vonnoten sein, wobei etAva auftretende Gberdosierunp- 
erscbeimingen — Avenigstens fiir den Augenblick — v eniger er le c 
sein Averden. Hierauf komme ich noch zu sprechen (Alwall, lytdp 


h).Unangenehme Ncbemvirkimgen. 

Lemmel und Hartwig. IMO, srten unangenetae 
bei 30 % der Verenchspersonen nacl. 6 mg Pervdm und be, 13 /, 
Konlrollgrappe (nicht ermOdele Soldalcn). 
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JacohsEB rad seine Miterbeiter slellten cine ubenriepnd un- 
ragenelmie Gesamhvirtang in 28 % ibres Mnteriab rad m*ffe- 
rente {angenehm = nnangenclra) in 35 %,' also Ncbcmvirkun- 
^en in 53 % fest. Diese Zaliien lassen sich, wic sdion dargelegl 
^^nlrde, mit den hier vorgelegten nicht direkt verglcichcn, da die 
genannten Autoren auch die Schlafsiorungen zu dicsen Neben- 
wirkungen rechnen. Docli ist es wabrschejnlich, dass NcbcnAvirkun- 
gen liier in bedeutend kleineicm Ausmass vorkommen. 

Die Untersciuede durften sicJi durcii die verscliiedcnen Vei siiclis- 
bedingungen erklaren. Infolge der grossen Erniiidiing sind durcli 
Dberdosierung bedingte Nebenwirkungen bier weniger wabrscliein- 
licb. Bei Versuclien niit niclit ermiideten Personen ruft die gleidie 
Menge in grossereni Ausmass Dberdosienmgsersdicinungen bervor. 
Bei Obermudeten wrkt Benzedrin sogar in gewissem Grade ais 
Curativum fur durdi die Ermiidung verursaclilc »NebcnwirI(un~ 
gen», Sowohl von den angendimen als den unangendinien \\'irkun- 
gen des Benzedrins (iind Pervitins) gilt also, dass diese nidil nur 
davon abliangig sind, wie der einzelne im allgeincincn reagierl, 
sondern hochgradig aucli von der Dosierung und der augenblick- 
lichen Disposition des Betreffenden. 


c) Die Wirkungsdauer. 

In diesen Untersuchungen ist durdi Detailstudien gczclgl wor- 
den, dass die Dauer der gunstigen Wirkungen von 20 mg Benzedrin 
unter den bier gegebenen Vcrsuchsbedingungcn trotz der forl- 
schreitenden starken Ermiidung sidi fiber mindcstens 36 Stunden 
erstreckt. Es diirfte klar sein, dass die Wirkungsdaucr 1) von 
der zugefiilirten Dosis, 2) von der. individuellen Empfindliclikcit 
und 3) von der zufalligcn Disposition abhiingig ist. Bei vyenmer 
ermudeten Personen halt die Wirkung cinor klcinercn Dosis lan'«ci 
an, walirend bei starkerer Erniiidiing innerhalb kurzcrei Zi^it 
viederholte rclativ grosse Dosen verabreidit werden konnen. 


WirWeT ZilfT- ^0 % il'Wr Vorsiichspcrsonc 
iirkungen (Schlafstorungen) nodi nadi 12-14 Stnnden nnd 90 o 

EMruck mvcckt’bahe fli« ^ “‘"’S"' Vorsuclispcrsonen dci 

ciAvccM babe, dass sowoW gOnsliec als ragOnsUgc Wirkragci 
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tagelang andauern konnen. — Jacobsen und Pnd loio f i 

vo„ Bo„.d„-„ „„e„ 3 'S;;::;!;; 

Nathanson bemisstdie Wirkungsdauer von 20 mg Bcnzedriii aiif 7—10 
sttiut"’ ° vorzoJegen, ^-orauf cr dfese Schlnssfolgenmg 


Kap. II. 

Vergleich zwischen Benzedrin und Pervitin mit Rucksicht 
auf die subjektiven Wirkungen und Nebenwrkungen. 

Die Serien 2 und 3 bekamen am Morgen des letzfen Tagos 20 bzw. 30 ing 
Benzedrin, wahrend Serie 4 18 mg Pervitin bekarn, Doc)i ist bier 711 hc- 
merken, dass die Versuchspersonen der Serie 2 die 20 mg Benzedrin an! 
einma} nach einer Jeidjten Mablzcil erliielten, wSiircnd Serie 3 nnd 4 ilire 
Dosis zwar ebenfails im Zusammenliang mil einer leichtercn Mablzeil 
bekamen, dock so, dass sie zunaclisl zwei Dritfel und nacli otwa einer lud- 
ben Stunde das lestlicbe Drittcl einneJimen mussten. Durcli diese Auflei- 
lung ivollte man die Unannehmiichkeitcn vermoiden, die cine zii plolziielio 
Resorption einer grossen, auf einmal gegebenen Dosis mil sicli bringen kann. 
Andererseits erschwert diese Art der Zuleilung den Vergloicli zwischen 
den Serien 2 und 4 namenllicb betreffs der N’ebonwirkungen. Fvir die 
verabfolgte Pcrvitindosis entschied icb micli nacli vorberoitendon 
Seibstversuchen. 


Tabelle 3 vergleicM die giinsiiqen Wirkiingen von 20 mg Benze- 
drin in Serie 2 und die in den iibrigen Serien, die am Morgen des 
letzten Tages Benzedrin odcr Pervitin bekommen batten, Fiir Scrio 
2 sind die absolulen Zahlen angegeben, fiir die Serien 3 nnd <1 
die Abweicliungen der belreffenden Prozenlzablen von denjeni- 
gen in Serie 2. 

Verglichen Aveiden die Wirkungen von elwa gJcicli grossen (d.Ii. 
20 und IS mg) IMengen Benzedrin und Pervitin sowic einer grdssercn 
Benzedrinmenge f30 mg). Die Vorausscizung dafur, dass ein V(t- 
gieich unter den gegebenen Bedingungen erfoigen kann, isl die, 
dass die grosserc Benzedrindosis einen bcsscien Effckt liervornifl 


als die kleincre. 

Die Anlworten auf die Fiagen nach gunstigen Wirkungen ulmr- 
haupl, die die Tcilnebmer im Laufe des Tages vcmpiiitcn, sind in 
FiC. 4 und Tabelle 3 wiedergegeben. 30 mg Benzedrin wirkten bessw 
als 20 mg, und 18 mg Pervitin wirkten erbeblich sclnvacber. 
Die Frequenz der Wirkungen rcntscliiedenci Nutzen der lab- 



frequenz tjnd dauer der 
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letten.) und »gehobene Slimmung.) ist in den drei Senen von 

eieicher Grossenoidnung. , , 

^ Im Gelandelauf (A. 1943) hat Serie 3 den besten Durchschnitl. - 

wert. gefolgt von Serie 2, Avalirend Serie 4 an leizter Stclle stdii. 

Wir finden somit eine uberwiegcnd siarkere giinstigc Gesamt- 
wirkung von 30 als von 20 mg Bcnzedrin. IS mg Pervitin wirkt m 
wesenllichen Punkten sclilechter als 20 mg Benzedrin. 

Diese Bcfunde schliessen nicht die Mogliclikeit aus, dass Per- 
vitin docli eine grdssere Wirkungsstarkc als Benzedrin habcn 
konnte. Wenn dies der Fall ware und Oberdosierung in grosscrcm 
Aiismass vorkame, konnton die ungiinsligcn ^\irkungen in gewis- 
sem Umfang iiberwiegen und die gunsligen verdcckcn; icli vcrweisc 
diesbezuglicli auf die Diskussion in Kap. 1. Wie aus dem fclgenden 
hervorgelit, sind indesscn die nach der bier angevandton Pcrvi- 
tindosis auftrelenden unerviinscbten Nebemvirkungcn clicr gcrin- 
ger. — Da die Nebcnvirkungen nacli 30 mg Benzedrin nicht sliir- 
ker und zalilreiclier sind als nacli 20 mg, diirftcn auch die Weiie 
in Serie 3 eine ziiverlassige Vergleichsbasis darstcllen. 

Die Wirkungsstarkc von 18 mg Pervilin isl bci dicsen vrmiidclcn 
Vcrsuchspcrsonen also nicht grosser, sondern wahrschcinlich gcringcr 
als die von 20 mg Benzedrin. Die Bcfunde sprcchcn somit auch gegen 
die Richiigkeit der im Schrifilum begegnenden Angabcn, Pervilin 
sci wirksamer als Benzedrin. 

Tabelle 5 gibt eine t}bersicht iibei die cnlsprecbcndcn Unter- 
schiede, die zwisclien Serie 2 und den ul)rigen binsicbllich der 
ungunstigenNebenwirkungen bestelien. Diese Nebenwirkungen sind 
in Kap. I abgehandelt worden. Die Gcsamtzahl der Vvrsuchsperso- 
nen, die Nebenvirkungen gemcldct haben, ist in den Serien 1—] 


die gleiche; ebenso liegen keinc sicheren Untcrschicdc in der Anzahl 
derjenigen vor, die ilire Felddiensttauglichkeit als durcli die Be- 
schwerden herabgesetzt betrachtelen (Tabelle 4). 

Serie 3 hat bedeutend niedrigerc Werle fur Sclnvindel und Kopf- 
schmerz,und dies besagt, dass 30 mg -Benzedrin als Curativum gegen 
dieses Mudigkeitssymptom gewirkt hat; 20 mg Benzedrin iiiuf IS 
mg Pervitin sind offenbar nicht so effektiv, verursachen anschei- 
nend aber auch nicht die genannten Nebenwirkungen. Trotz der 

Benzedrm starker rvirksam ist als die Ijcidcn iibiigcn Doseii 

ImrulK nad Zitlern kommen in den Serien I und 2 in elwa der- 
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scibcn Haufiglicit vor, in den ilbrigen Serien etnas wentoei oft so 
dass moglichenveise das Praparat in diesen Ictzteren die frariichen 
Besclnverden vennindert hat, 

Wie sclion in Kap. I dargelegt, wurde Herzklopfen in Serie2 
l3emerkenswert oft gemeldet, und zwar iiegen die Werte dieser Serie 
sowohl uber denen der Kontrollserie als auch denen der Serie 3 
mit der liolieren Benzedrindosis. Am niedrigsten ist die Frequenz 
dieses Symptoms iiacli 18 mg Pervitin in Serie 4, die etwa diegleichen 
Werte wie die Kontrollserie (Serie 1) hat. Diese Befunderechtfer- 
^^gcn jedocli nicht ohne weiteres die Schlussfolgerung, dass Perw- 
tin weniger oft Herzklopfen verursache als Benzedrih. 

Die Dosis von 18 mg Pervitin ist ebenso wie 30 mg Benzedrin in 
“/a + Vs aufgeteilt und mit cinem Intervall von etwa % Stunde 
cinverleiht worden; wahrscheinlich war deshalb das Risiko von 
nnangenehmen Wirkungcn bei 20 mg Benzedrin grosser als bei dem 
Pervitin. 

Folgende Umstande sprcchen dafiir, dass die hohe Frequenz des 
Herzldopfens in Serie 2 durch Zufalligkeiten bedingt war: 1) 30 mg 
Benzedrin ruft Herzklopfen in niedrigerer Frequenz hervor als 20 
mg. 2) In den Serien 5 und 6, die am 3. Versuclistage 20 mg Benze- 
drin bekommen haben, tritt Herzklopfen an diesem Tage nur in 
geringem Ausmass ein. Die Walirscheinlichkeit spricht dafiir, dass 
Nebenwirkungcn nacb gleicher Dosis bei weniger starker Ermiidung 
in grosserem Ausmass batten auftreten miissen (siehe Kap. I). 

Ad. 1.: Docli ist vielleichl eine Verdeckung des subjektiven Herz- 
klopfens durch die starkere Euphorie u.s.w. nach der grossten Benzedrin- 
dosis moglich. 

Wenn auch die Mdglichkcif nicht ausgeschlossen ist, dass Benzedrin 
in grosserem Umjang hurzdaiicrndcs Herzklopfen verursacht als Per- 
vitin, spricht doch eine gewisse Wahrscheinlichkeit dafiir, dass dies 
nicht der Fall ist. 

Soweit ich gefunden babe, diirfte dies die erste systematische 
Untersucliung sein, die einen Vergleich zwischen der Wirkungs- 
starkc von Benzedrin und Pervitin am Menschen erlaubt. 

Im Anschluss an die Schilderung gewisser tierexperimenteller Unier- 
suchungen liber die Wirkungen verschiedener Amine schreibt HauscMd. 
1938 ohne experimentehe Daten anzufuhren, folgendes; »Eine Bestati- 
gung’unserer'tierexperimentellen Befunde ergaben die Versuebe am Men- 
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schen Die Dosierung dcs - (Pervilins) iiegt ^.cscntUch nicdjcr, Noben- 
wirkungen werden nur selten bcobacblel. 3-6 mg uben sclion kr.ifljge 
Wirkungen aus, wahrend - (Benzedrin) - aucJi nacli Angabon m doi 

Literatur wesentlich lioher dosiert wcrden muss,® ^ 

Aus Frankes, 1938, Blutdrucksludien Jiissl sich kein siclierer ^ crgleidi 
zwischen Benzedrin und Pervitin ablescn.Esbeisstdort.dass »kleine Dosciu), 
bis 10 mg,keine Biutdrucksleigerung machen, grossere Doscn, el\va 20 nig 

uber 5— 7’stundenbinausblutdruckwirksamsind. 6 mg Pervitin bcwirklon 

in der Halfte der FaJle eine loicbte Blutdriicksteigerung. Die Blut- 
drucksteigerung wird deutlicher nacli 15 mg. Die Benzedrindosis fur 
BJutdruckerlioIiung Jiegt aber n’esentlicii iidber als die fiir die psycbisclie 
Stiniuiation geeignete Dosis; ausgesprocliene Nebonwirkungen tratcn nacb 
20 mg auf. Beim Pervitin fbocbstens 15 ingl) iiegon die Dinge jibniicb; 
docb wird nur fiber die angenebmon Wirkungen beriebtet. 

Frankes Jfaterial umfasst fiir Benzedrin 8 und fiir Pervitin 30 Patienten 
mit Kreislaufstorungen fjugendlicbe und alle Ilypotoniker). Die beiden 
Gruppen sind also versebieden gross und inliomogen, wesbalb cin Vcrgleicb 
zwischen Benzedrin- und Perviiinwirkung niclil mdglicli scin diirfle. 


Die in der Literatur vorlicgcndcn Mutcihmgcn scitcinm Ucinc 
Moglichkeiien einer kritisclicn Bcurtcilung der Wirkiingsstnrkr. non 
Benzedrin und Pervitin im Vcrbaltnis ziicinandcr zu bicten. 

Beilaufig sei liemerkt, dass im praklischen Gcbrauch, namenl- 
lich bei Benzedrin, eine Oberdosierung zweifcllos liaufig vorkoinml, 
Wahrend Pervitin in Talilctten von 3 mg crluUllich isl,cntbaUcu die 
Benzedrintablelten 3 oder 10 mg. Die Dosierung crfolgt oftohne 
genaueres Nachdenken in ftTal)leticn». Hiiufig durfton 3 mg Siili- 
stanz Oder weniger zur Erziclung der optimalen Wirkunggeniigen. 
Gibt man uniei solchen Umslandcn ciiic labiclle von o oder 10 mu 
Benzedrin, so ist die Wirkung nichl besser, wolil aber trelon oft nicbr 
storende Nebenwirkungen auf. 


Zusammenfassung. 

ratersucht worden, wie Benzedrin iind Pervitin nufrtvv.i 
700 \er5uclispersonen einwirken, die vorher in 3 aufeinandcr foi- 
genden Nachten so, vie an den Zmsclicntagcn durcl, anstrengende 
Obungen fast „b„e Schlaf in oinon Zustand starker Errnftdut 
braclrt vvorden tvaren. Wahrend die Konlrollscrien LeertaWeUen 

“p^iur trT n“,f ® ‘"8 -'er IS 

lefzten T ^ Tabletten warden in alien Serion am Morgen 
ton Tages ansgogebon, sevie in «.ei von don sochs 
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sencn ausserdem am Morgen des vorietzten Tages. Durch Erfra- 
gung des subjektiven Befindens ist in den einzelnen Versuchsrei 
lien die Anzabl derjenigen ermiitelt worden, die mit gunstigen Wir- 
kimgen bzw. ungiinstigen Nebenwirkungen reagiert haben, Audi 
die Wirkungsdaucr dcr verabfolgten Stoffe ist bestimmt worden. 

Im Konlrollmaterial lasst die am friihen Morgen herrschende 
Miidigkeit im Laiife des Tages spontan nadi, was u, a, auf deni 
'Wecbsei von IMiidigkcit und Waclien im normalen Tagesrhythmus 
Jicrulit. Die Miidigkeit ruft verscbiedene subjektive Beschwerden 
licrvor. 

Benzedrin und Perdtin bcheben oder vcrmindern die subjek- 
liven liliidigkeitsersclieinungen und lieben die Stimmung, Praktisdi 
samtliciic Versuciispersonen rcagieren giinstig; die Zahlen der vor- 
liegcnden Unlcisuchung iibersleigen bei weitem die sonstim Schrift- 
tum genannlen. Die friiliercn einscidagigen Untersuchungen haben 
mil wenig oder gar niciit ermiideten Versuciispersonen gearbeitet, 
woduicb sicii der Unterscliicd der Befunde erklaren diirfte, Diefiii- 
hcre Annalime, dass vide Menscbcn auf Benzedrin oder Pervitin 
nidil giinstig oder iibcrliaupt niclit rcagieren, trifft nicht zu. 

In dcr Bcspicdning dcr Befunde wild dargetan, dass die Vor- 
aiisselzung fiir cine giinstige Wirkung darin licgt, dass ein Ermu- 
diiiigszustand o. dgl. vorlianden ist, der bdioben werden kann, dass 
die Dosicrung ausreidicnd ist, dass nicht Uberdosierung uner- 
wiinsditc Nebenwirkungen in soldier Starke liervorruft, dass der 
giinstige Effckt dadurdi verdeekt wird, und dass der Betreffende 
nicht so erschdpft scin darf, dass die Bedingungen einer gunstigen 
Rcaktion niclit mohr gegeben sind. Wenn also die Voraussetzungen 
fiir cine giinslige Wirkung vorlianden sind und die passende Dosie- 
rung gcwahlt wild, diirfte man praktisdi stets mit einer solchen 
Wirkung von Benzedrin und Pervitin rcchnen konnen. 

Es ist erstmalig gezeigt worden, dass der giinstige Effektvon20 
mg Benzedrin trotz fortsdireitender, hochgradiger Ermiidung 

mindestens 36 Stunden andauert. 

In der Diskussion ward hervorgehoben, dass die Wirkung einer 
klcincn Dosis bei leichter Ermiidung bedeutend langer anhalten 

diirfte als bei starker Ermiidung. 

Erstmalig ist die Daucr der unerwunschten Nebenwirkungen 
eingehend untcrsucht ^vorden. Es zeigt sicli, dass die Nebenwirkun- 
gen bier von kurzer Dauer und geringer Haufigkeit sind, ja, m ge- 
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^Yissen Fallen in geringerem Ausmass auflrelcn als ni den IControll- 
serien, worans hervorgeht, dass die zugcfulirlen Sloffc. gCAvissc Ei- 
mudungserscheinnngen beheben. Nach den Scbrilituinsangaben isi 
es wahrsdieinlicli, dass bci gleiclicr Dosis NcbcnAvirkungcn in bc- 
deiitend grdssereni Umfang an niclit ermiideien Versuclispcrsoncn 
beobachtet werden. Dies crsclieint als cine naUhliclic Folgc dcs 
oben Gesagten: bei geringcrer Ernuidung hedarf cs einer niedrigercii 
Dosis; die Grenze der Dberdosierung liegl dann aneb liefer als bci 
starker Erniudung. 

Ein Vergleichzwschen Benzedrin und Pcivilin inilRucksicht anf 
die subjekliven Wirkungen gab folgendes Bcsultat: Die subjektiv 
giinstigen Wirkungen von 18 mg Pendtin sind niclil sliirkcr, son- 
dern wahrscheinlich sclnvaclier als die von 20 ing Benzedrin; dor 
Effekt von 30 mg Benzedrin ist starkci als bci den vorgenannten 
Dosen. Die Befunde sprechen also gegen die iiblicben Angabcn, das 
Pervitin sei wirksanier — in der Rcgcl gibt man doppcltcWirkungs- 
starke an — als Benzedrin, wclchc Angabcn auch durch dasfruhcrc 
einschlagige Schiifttum nichl bcstaligl zu sein sclieincn. 

Unangenelmie subjeklive Nebemvirkungen Iratcn in der Regcl 
nach 20 oder 30 mg Benzedrin odor IS mg Pervitin niclit in grosse- 
rem Umfang auf als in der Kontrollgruppc, die LeerlableUcn bc~ 
kommen batte. Gevisse iiludigkcilsbeschwerdcn werden (lurch die 
Praparate gcmildcrl. Zwar lassl sich nicht niisschliessen, dass 
Benzedrin in grosscrem Umfang Hcrzklopfen vcrursachl als Per-- 
vitin, doch spricht cine gewisse Wahrschcinlichkcil dafui-, dass dies 
nicht dcr Fall ist. 

Der Verf. weisl auf die Mdglichkoit hin, dass die allgonieine 
Ansicht, dass Pervitin »angenchmer)), »bcsscr» wirkc, ihreil Grand 
darin hat, dass infolge der iiblichcn TahlcUcnstarkc gewolmlieh 
Benzedrin in liohcrer Dosis gegeben und hberdosiert wird. 


Literalur. 


2556 (scinveck), dies .Wrl,. iD.ia im 
H. Tlicsleff: IJVc///-. iks 

,038-30. 002. _ naoscwi.i.'F.; ,w 
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Aca Medica Scandtaavica. Vol. CXIV. lasc. I, 1943. 


Studien fiber die Einwirkung von Benzedrin und 
Pervitin auf die pliysisclie und psycliische Leistungs- 
fahigkeit hochgradig ermudeter Menschen. 


Von 

NILS ALWALL. 

(Bci der Rcclaklion am -1. November 101 2 cin{<ej:angcn). 


Hier werden Studien iiber die Wirkungen von Benzedrin und 
Pervitin auf die kdrperliclic Leislungsfiihigkcit und die psy- 
chischen Funktionen hochgradig erniudclcr Menschen vorgclcgl. 
Das Schrifttum umfasst nur Versuchc iiher die Wirkung dcr 
erwahnten Suhstanzen auf nicht- odor wcnig-crmudclc Personen, 

Planung der Yersuche. 

Die Ermudung. 

I. Studien iiber die Einwirkung von Benzedrin und Pervitin anf die 
korperliche Leistnngsfahigkeit ermudeter Menschen. 

II. Studien iiber die Einwirkung von Benzedrin und Pervitin auf die 
psyclnsclie Leislungslahigkeil. Die Bedeulung des Ermudungsgradcs ftir 
die Wirkung (Dosierung) des Benzedrins, 

III. Studien uber die Einwirkung von Benzedrin auf die Treffsiclierheil 
ermudeter Schiitzen beim Sclieibenschiessen. 


Plammg der Versuchc. 

In Massenversuclien wurden jungc, wohllrainierlc, gosunde Manner 
(Soldaten), hauptsacliUclum Alter von 20 bis 22 Jahren, durch anhaltcnde, 
^ — Acta med. scandimv. VoU CXIV. 
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mehrere Tage und Nachte wahrende korperiiche Anstrenguneen oim 
Gelegenheit zum Schlafen in Zustand starker Ermudung velefzt i 

fn S^einn der Ermiidungsubungen, wurde dk 

mdividuelle Leislungsfalngkeit durcli gewisse Proben (Gelandelauf Schei 
bensclnessen nsw.) erniittelt. Am ietzten Morgen, unmittelbar nach Been- 
digung der Marsche und Obungen, wurden psychotechnische Proben ge- 
niacbl. Danach '^^’urden die Tabletten verteilt. (Scheintabletten bzw 
Benzedrfn- oder Pervitinlabletlen). Die voile Wirkung von den zugefuhrten 
Benzedrin- und Pervilindosen beginnl sclion nacb ehva 1/2 Stunde und 
dauert mehrere Slunden. Etwa 2 Stunden spater wurden die psycho- 
leclmischen Proben wiederholi. Darauf folglen die ubrigen Proben: 
Geliindelauf und Scbeibenscbiessen. 


In den Kontrollserien, die wirkungslose Scheintabletten bekamen, zeigt 
der Unterschied zwisclien den Prufungsergebnissen des ersten und des 
letzlen Tages den Einfluss der Ermudung und sonstiger Faktoren auf die 
Leislungsfahigkeif . Umfassen die Kontroll- bzw. die Benzedrin- und 
Pervitinserien — wie es bier der Fall ist — geniigend viel Personen, so kann 
man, indem man die Summe derindividuellen Unterschiede in den betref- 
fenden Serien vergleicht,einen Gradmesser Itir die Wirksamkeit des Benze- 
drins und Pervilins zur Behebung der Ermiidungserscheinungen gewinnen. 

Die Versuche wurden in drei verschiedenen Untersuchungsreihen bei 
verscliiedenen Truppenteilen durchgefuhrl. 1) Daueranslrengung wah- 
rend zweier Nachte und am Zwischenlage ohne Schlaf. Etwa 500 Teil- 
nehmer, auf zwei gleich grosse Serien verteilt, von denen die eine am Mor- 
gen des letzten Tages 20 mg Benzedrin und die andere Scheintabletten 
bekam. 2) Daueranstrengung wahrend dreier Nachte und an den Zwischen- 
tagen ohne Schaf. Etwa 720 3Iann wurden auf sechs Versuchsserien ver- 
leilt, die zu verschiedenen Zeilpunkten wahrend der Obungen Benzedrin, 


Pervitin oder Scheintabletten bekamen. 

Belreffs der Verteilung der Tabletten siehe Alwall, 1943, sowie Tabelle 
2. 3) Daueranstrengung wahrend 1 bzw. 2 Naclite und am Zwischentag 
zwecks Feststellung der Benzedrinwirkung zu verschiedenen Tageszeiten. 
Etwa 200 Versuclisteilnehmer. 

Samtliche Versuclispersonen wurden im voraus iiber den Sinn der er- 
suche unterrichlet, dock so, dass keine Einzelheiten (das Vorkommen von 
Scheintabletten usw.) beruhrt AAUirden, die auf den Ausgang der Versuche 
won Einfluss batten sein konnen. 


Die Ermudung. 

Im folgenden wird iiber einige Eindriicke von der fortschmten- 
den, hochgradigen Ermudung bei den Versuchen berichtet, die sich 
uber drei Nachte und die beiden dazwischenliegenden Tage erstreck- 
ten, ohne dass die Versuclisteilnehmer wahrend dieser Zeit nen- 
nenswert zum Schlafen kamen. 
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Die tibungen warden an einem Montag begonnen. Am Montag und Don- 
nerstag wmrden die vorerwahnten Proben angestcllt. Von Monlag abend 21 
Uhr bis Donnerstag MlVl.SO Uhr wurde eine znsammenhangende doppel- 
seitige tibung durchgefuhrt, die den Teilnehmern moghclist kleme Gele- 
genbeit zu Scblaf oder Rnhe liess. Die einxigen Unterbrechungen waren 
taglicli 2 Stunden Mittagspause tind etwa gleicli lange Zeit vor dem lelzlen 
Nacbtmarscb zum Trocknen der Ausriislung. In jeder der 3 Niicble wurde 
ein Marsch von 30 km gemacbt, zum Teil auf scblechleren Wegen, \er- 
bunden mit Spaliunternehmen und Wachdienst. Wahrend der Gefechts- 
ubungen amTagewurden durcbscbniltlicb etwa 15 km zuriickgelegt, von den 
Spahtrupps bedeutend mehr. Die Gesamtmarscldeislung betrug wahrend 
der ganzen tJbung ini Durchschnitl etwa 125 km. Das Geliinde Avar, von 
den Wegen abgeselien, mh telscliAver, leihveise sumpfig. Es herrschle eine 
Temperatur von etwa +5°, in der erslen Nacbt tie! Jeicbter Regen, im 
izbrigen U'ar das Welter neblig. Das Marschgepiick Avog zusammen elAva 22 
kg. Von der teilnehmenden Truppe in einer Starke von etwas iiber 1000 
Mann ivurden 720 zu den TabletlenA'ersuchen lierangezogen. Die Verjifle* 
gung war reicblich. 


Da die Teilnelimer in der Nacht zum Montag in grosscm Um- 
fang Uriaub geliabt batten, wurden sie iiber die Daucr dcs Schlafcs 
in der betr, Nacht befragt: durcbsclinittlicli 6.1 Stunden. Durcli- 
schnittlich Avurden von den Teilnehmern 3.2 Stunden Sclilaf ins- 
gesamt Avahrend der Ubungen, von Montag bis Donnerstag mor- 
gen, angegeben. Es ist zu bemerken, dass diescr Scblaf bei kurzen 


Rastaufenthalten im Freien und bei kiililer und unfreundlicber Wit- 
terung genossen wurde. Diese Angaben stelien in gutem Einldang 
mit den Berechnungen der Fiihrung. 

Die Lange der Nachtrulie nach Abschluss der Dreinaebteubnn- 


gen war durclischnittlicli 8.9 Stunden. 5 % schlicfcn w^eniger als 8 
Stunden. Diese Zeiten sind durch zwei Momente beeinflusst und 
zwar 1) die wahrend der Nacht und auch am folgcndcn Tagc nocli 
fortdauernde Benzedrin- und Pervitinwirkung, die das Schlafbe- 
diirfms und das Gefubl der Miidigkeit verringert, 2) das Weeken 
um Uhr morgens. Ein Vergleich der in den verschiedenen Ver- 
sucisreihen ermittelten Schlafzeiten untereinander lasst koine 
sicheren Unterschiede erkennen. 


ri.cf gclroffen Avorden, urn zu verliindern 
ten kng Rast gemacht Dk 
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Figur 1_ 

a) Aiigabeii tlber die Schlafrigkeit im Verlauf der DreinachleQbungen, 
Die obere Kurvezeigtdie Anzahl der»sehr schlafrigen» an, die folgenden die 
Anzahl derjenigen, die wiur schwer wach bleiben» konnten, derjenigen, »die 
bei den Pausen in den Ubungen einschliefent), die untere Kurve schliesslich die 
Anzahl derjenigen, die i>nach kiirzeren Ruliepausen bei den Cbungen geweckt 
werden mussten*. Die x-Achse gibt den Zeitpnnkt an; die Nacht vor dem 2. 
Obungstag, den 2. Ubungstag usw.; die y-Achse die Anzahl der Vp in Prozent. 

b) Angaben tiber JIudigkeit und Muskelschmerzen. 

zweifellos das Bewusstsein, dass die Anstrengungen bald iiberstanden 
sein wiirden belebend. 

Von iiber 1000 Ubungsteilnehmern wurden 13 wegen Fussschaden, C 
wegen Erkaltung nacli Hanse geschickt, 5 weitere wegen allgemeiner Er- 
miidung, welch letztere das Revier am Tage darauf verlassen konnten. 
Ernstere Krankheitsfalle sind nicht vorgekommen. 

Figur 1 zeigt, dass die nacligefragten Ermudungserscheinungen 
wahrend der ersten 24 Stunden wenig ausgepragt sind, im Laufe der 
zweiten Naclit stark zunehmen, um am dritten Tage ndeder abzu- 
nehmen. Dies diirfte daran liegen, dass die Miidigkeit am Tage aucli 
bei langerer Schiaflosigkeit weniger ausgepragt ist. In der Jetzten 
Nacht hat die Anzahl derjenigen, die Ermiidung melden, weiter 
stark zugenommen. Die Haufigkeit der schmerzhaft betonten Er- 
lebnisse, der Muskelschmerzen, nimmt ingleichmassiger ansteigender 
Kurve ohne derartige Schwankungen zwischen Tag und Nacht zu. 
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Im Anschluss an die obigen Versuchsergcbnisse sci aus dem 
Schrifttum folgendes referiert. 


Kleitman gibt in seiner MonoerapWe ilberden ScWat eine U bereichl ubcr 
die Keaktion Li langerer rrchvfflieer ScWallosigkeil. Er stulzl sicli aiit die 
SrunLraus iaLehntelangen Vei^iehen an 35 Versuclispersoncn. 
Um der Miidigkeit Herr zu werden, hess er die Versuclispersonon irgend 
eine Muskelarbeit ausfuhren, und wenn es mir Spreciien war. In der crslon 
Nacht war die Miidigkeit niclit besonders stark, abgcsehen von einer vor- 
Tibergebenden Schlafrigkeit zAvischen 3 und G Ubr friili. Am folgenden Tage 
fuhlten sich die Versuchspersonen ungetalir wie norma), niir war das All- 
gemeinbefinden weniger gut. Bei der gewolinlen Tagesarbeit konnle die 
schlafiose Nacht fast vergessen werden, bei Unlatigkcii abor inacbie sicb 
die Schlafrigkeit hemerkbar. — Die zweile Nacht war von der crsten ganz 
verschieden. Die Augen brannlen, und dieses Geftilil verscliwand nur, 
wenn man die Augen scliloss; scliloss man aber die Augen, so drohte oinen 
sofort der Schlaf zu iibermannen. Selbst bei Spazierengelien war es scbwer, 
sichwachzuerhalten. Lesen oder Studieren war unmoglicli. Wabrend 2—3 
Stunden gegen Morgen wurde das Schlafbediirfnis fast iibormachtig und 


DoppeJsehen Avar Iiaufig. 

Spateram Morgen Hess die Schlafrigkeit Avieder nacli, und die 'N’ersuchs- 
personen konnten die geAA’ohnte Arbeit im Laboratorium ungofiilir Avic 
sonst ausfiihren. Sie konnten sich nichl liinseizen, oline dass sie Gefahr 
liefen, einzuschlafen. 

Die dritte Nacht glich der zAveiten und der vierte Tag dem drillen. 


Die bier inilgeteilten Versuclic sind andercr Art als Kleilmans 
Observationen iiber die individuclleii Rcaklioncn cincr kiciacrcn 
Anzahl von Versuchspersonen bei Erniiidung. Hicr koniml nur die 
Anzahl derer zum Vorsclicin, die sich zur Zcit der Bofragung, niim- 
lich mitten am Tagc sowie in der Morgendammernng, sebr cr- 
schopft fuhlten usav. GeAvisse Vergleichc sind jcdocli mdglich: In 
tfbereinstimmung mit Kleitman finde icli die Symplome JasUge 
Schlafrigkeit und korperliche Mudigkeit nachts starker ausfrenra^t 
als am Tage. 


f ’ Obungen bei den Versuclien mil- 

geteilt, die sicli uber 2 Naclile und den dazAvischenliegenden sowie den 
vorangehenden und den folgenden Tag ersfrecklen. Nach BeLdigmi" 
der Awschiedenen Proben am ersten Tage tralen die Versuchsiicrsonen 
abends zu einem Nachtraarsch uber eine Strecke von otwa 30 km an 1 bu or 

s":;: rr sl: t:r • r 

die Versuchfpersonen m f dawischeiilicgMidc. Tage ivurdcn 
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licher Sclilaf. Die erne Halfte der Versuchspersonen beendete die Obun 
gen um 3 Ulir morgens, worauf die psychofechnischen Tests usw. durcliee 
fuhrt warden. Die andere Hiiine setzle die t)bungen bis 6 Uhr friih fort. 


Kap. I. Einwirkung von Benzedriri und Pervitin auf die 
korperliche Leistrungsfahigkeit ermiideter Menschen, 

GeJandelauf: 3 km auf abgesteckter, leichter Bahn. Der ersle Laut 
wurde am ersten Tage, vor dem Beginn der Ermudungsiibungen, durch- 
gefuhrt, der zweite am letzten Tage, etwa 2 y^~5 Stunden nacli Einnahme 
der Tabletlen, also bald nach dem Abschluss der Anstrengungsiibungen. 
Vor dem letzten Lauf warden die Vp. ausgeschieden, die wegen schwererer 
Fussschaden den Lauf nichl durchfuhren konnten bzw. erheblich behin-' 
dert waren. Die Laufzeit ^\^Jrde abgestoppt und aufgescbrieben. .Der 
Unterschied zwiscben der im ersten und im zweiten Lauf der Kontroll- 
serie (Scheintabletten) erzielten Zeit ist durch Ermiidung und Faktoren 
zufalliger Art bedingt. Bei Vergleichung der Summe dieser individuellen 
Unterscliiede in der KontroIIserie mit den Summen dieser Unterschiede in 
den iibrigen Versucbsreihen erhalt man ein Mass fiir die Einwirkung der 
unlersucbten Stoffe auf die Leislungsfabigkeil ermiideter Vp. 

Die Wirkung von 20 mg Benzedrin im Ziveindchteversuch ist aus 
Tabelle 1 zu ersehen. Wahrend die KontroIIserie ihre Leistung ver- 
schleclitert, indem sie durchschnittlich im zweiten Lauf 95 Sek. 
langsamer lauft, verbessert die Benzedrinserie ihre Zeit mit 18 Sek. 
Eine bedculend grossere Zahl von Vp. verbessert in der Benzedrin- 
serie das individuelle Resultat. Der Unterschied ist signifikant. 

71 Vp., die auf Befragen 2 Stunden nacli Einnahme derTabletten 
angaben, subjektives Unbehagen zu empfinden, verbesserten ihre 
Leistungen mehr als die ubrigen Vp. der Benzedrinserie. DieErkla- 
rung diirfte die sein, dass die belreffenden Vp. empfangliclier fiir 
Benzedrin, waren, so dass die vcrabfolgte Dosis fiir sie nahe der 
oberen Iherapeulisclien Grenze lag. Die dabei auftretenden Be- 
schwerdcn — die, wie in anderem Zusammenhang gezeigt Avird, 
bald vdeder verschwinden — beeintrachtigen die korperliche Leis- 
tungsfiihigkeit nicht, ermdglichen vielmehr einebessereAusniitzung 

der Kraftreserven. 

Eim Dosis von 20 mg Benzedrin erhdhl also die korperliche Leis- 
iangsfdhigkeil dieser ermiidelen Vp. Die subjektiven Nebenwirkmgen 
beeinirdchligen das Ergebnis nicM. 

Die Ergebnisse des Dreindchieversuchs, fiber dessen Ermiidungs- 
iibungen bereits berichtet ist, sind in Tabelle 2 zusammengestellt. 
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Tabelle I. 

Die Einwirkung von Behzedrin auf die Leislung im Gcliinclelauf fiber 3 kin' nacli 
Ermiidungsubungen wahrend zweicr' Nachte und am Zwischeiitagc, In der 
Tabelle sind nur die Ergebnisse derjenigeu Versuchspersonen angegeben, die 
bei der Befragung 2 Stiindcn nach dem Einnchmcn des Benzedrins, also vor 
Beginn des Gelandelaufs, irgendwelche ungiinstigen Ncbcinvirkungcn gemcldct 

haltcn. 




20 mg Benzedriii 

Versuchsscric 

Lccrlabl. 

Sumll. 

Tcil- 

nehmer 

Ncben 

wirkim- 

gen 

1. Lauj 

Mittehvert in Min. . 

1 13? r>i 



2. Lauf 

Bcsserc Zelt: Unterscliicd in Sck. 

gcgeiuiber 1. Lauf 

AnzaJiI d. Vp. . . . 

~73G0 

•"vO 

lo.iio 

— 11)520 j 
125 

58 

+ 12180 
00 

—5010 

Unveranderte Zeil: (—30— + 30 Sck.) 

Anzalil d. Vp. . 

*in 

3.0 

Sclilechtere Zeil; Untcnscliied in Sek. 

gegenilber l.Lauf .... 
Anzalil d. Vp 

+281.10 

121 

21 

+ M00 

1 1 

Ergebnis: Gcsamlvcriindcrung in Sck. 
Anzalil d. Vp, , 

+20780 

oon 

—1310 

—3010 

jMcdium, Sck. . 

1-05 ±13- 

21 3 

-J8i 11 - 

71 

-■)! i M 


1943. Die im ersten T nnf o. • i 

scUechter als im avcinachtevemuch ^rriTle ““'a 
die Ergebnisse der Ser I f bier nur 

deren Vp.20b™. ■>- ,Se*n 2-4, 

baben. Die Benzedrin- and Pervif; •' bekoiDmen 

aatee .e,; -S', 

nan er abgehandelt iverden (AhvaJJ, ilbis" Verhaltnis 

»ch, TOS - deVZeWen'en G®r ™ 

Die Vp. der Serien 9 v • 
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_ „0 SeK.;. der Untersohiec. z^schen dem dicscr Vp. 

„nd dero der Kontrollserie (Scr. 1) bctragt also -n0--+2-l _ M 1 
Sek Somit eine erhebliclie Steigcrung der Leislungsfahigkcil. Ml 
tehverte der so „ausgeruhten« Vp. im ziveiteii Lauf cUra -0 Sbn , in 
der Kontrollserie fast 25 Min; die crstcren brauditen also erne cilia 


20 % kurzere Zeit. ^ . 

Die bislier vorliegenden einschlfigigen Untersucliungeii liaucii 

zwar nicht mit so hochgradig ermudeten Yp. gearl)citet, docli zeigcn 
sie eindeutig die Kraft der fraglichen Stoffe, vorhandenc ^liidig- 
keitsersclieinungen zu behebcn oder ihr Aufiretcn bei ansirengcndcr 
Tatigkeit zu verzogern. Die Wirkung bat man so ausgedriickt, dass 
die Miidigkeitsgrenze nalier an die absolute Erscbdpfungsgrcnze 
geriickt wrd. 

Lehmann, Slranb und Szakall, 1038 — 30, sowic SzaUall, 1930, fanden, 
dass Pervitin bei Versuchen am FaluTadergomcler die Ermiidungserschci- 
nungen hinausschiebt, nnd zwar sowobl zeillich bei forllaufender gleicli- 
bleibender Anspannung als in beziig auf die Ildhe der Belaslung bei all- 
mahlich ansteigender Belaslung. — Heyrodt und Wcissenslein, 1 9-10, .salien 
bei einer geubten Langstreckenlauferin auf der Trelbabn nacli Verabfolgung 
von Pervitin erlidlite Ausdauer. 

Die Erscbeinungen, die von don genannton Auloron als indirelcte Pcr- 
vitinwirkung in Form von zu weil gclriebcner Ernnidung gedculet 
werden, lassen sich mit grosserer Wahrscheinlicbkeit als medikanienlellc 
Intoleranzsymplome nacli der grossen Dosis von 30 mg Pervitin orkliiren, 

Kiirzlich hat Pellmont, 1942, dieHesultale vergleicliendor Unlcwsucliun- 
gen iiber die Wirkungen von Goramiii, Coffein und Pervitin auf psycliisclie 
und physisclve Leistung des ermiidelen und nicht eriniideten Mensclien 
vorgelegt. An der sog. »grossen Versucbsreilic)) nabmen 10 wobltrainierle 
Sportier teil, die durch ein offenbar kurzdanerndes harlos, vielsoiliges 
Mehrkampftraining ermudet n-urden. y. SI unde vor Beendigung des 
Trainings wurde 6 mg Pervitin verabfolgl, worauf 1 Stunde Jang Prolien 
angestellt ’i\mrden, u. a. Kraflproben: Dynamometer-, IIantel-\ind Eximn- 
derversucb. Das Pervitin erholife die durch die Ernnidung gescliwiiclilo 
Leistungsfahigkeit (in Versuclien mil Leerlabl. ormittell) auf denseibeu 
Stand wie beim nicht ermudeten Mensclien. 


Wenn auch in den vorliegenden Versuchen die Leistung in «tc- 
iMssen Fallen die im ersten Lauf gezeigte zu ubcrsteigen scheinl, 
muss doch mit der Moglicbkeil gerechnct werden, dass zufal- 

ms der Balm) die Scliinerigkcit der Probe verniindcrt uml so den 
'I*™ gesteigertcr Leistung envcckt liaben, Docli lienl wilir- 

scliemlich trots der ErmddungabsolutceineLeisUingssleigoniimf 


or. 
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Aus Tal)elle 2 ist ferner zu ersehen, dass etwa 24 Stunden vorher 
verabreiclites 20 mg Benzedrin (Ser. 6) hinsicMlich des Mittel- 
wertes noch wirksam ist. Der UnterscMed z^^ischen Ser. 1 and Ser. 
0 ist zwar niclit statistisch gesichert, aber doch wahrscheinlich. ,Es 
ist dabei in Betracht zu ziehen, dass die Vp. in Ser. 6 sich am vor- 
lelzten Tage infolge der anregenden Wirkung des Benzedrins zwei- 
fcllos bedeutend mebr angestrengt und die sich bietenden kurzen 
Augenblicke zum Schlafen schlechter ausgenutzt haben als Ser. 1—4. 

Scr. 5 bekam je 20 mg Benzedrin am 3, und 4. Morgen, Die 
zwcite Dosis Benzedrin hat zwar eine starke Wirkung, die aber 
doch niclit so gross ist wie die Wirkung der gleich hohen einmaligen 
Dosis in Ser, 2. Der Unterschied zwischen Ser. 1 — 5 und 5—6 ist 
nicht sicher signifikant, jcdoch hochst wahrscheinlich. 

Dies diirfte damit zu erldaren sein, dass Ser, 5 ebenso wie Ser. 
6 bei den Uliungen des Vortages starker ermiidet war als die iibri- 
gen. Deshalb reagiert Ser. 5 nicht so gut auf die iviederholte Dosis. 
Dies mag merkwiirdig erscheinen, da der Wert in Ser. 6 fur eine fort- 
wahrendc Benzedrinwdrkung spricht. Man erw'artet deshalb einen 
starkercn Effekt der ziveiten Dosis von 20 mg Benzedrin i Ser. 5. 
Vielleicht war eine noch grossere Dosis notig, um denselben Effekt 
in Ser. 5 w’ie in Ser. 2 zu geben. Es ist aber auch moglich, dass die 
Kraftreserven dieser Vp. so erschopft waren, dass nicht einmal meiir 
die Bedingungen fiir eine Benzedrinwirkung von gleicher Starke 
wie in Ser. 2 gegeben sind. Von diesem Gesichtspunkt aus braucht 
also kein Widerspruch darin zu liegen, dass in Ser. 6 eine gewisse 
noch anhaltende Benzedrinwirkung festzustellen ist, gleiclizeitig 
aber in Ser. 5 die Benzedrinwirkung weniger stark hervortritt als in 
Ser. 2. Es ivare sicberlich unrichtig, aus den bier erzielten Resul- 
taten den Scliluss zu ziehen, die Wirkung wiederholter Benzedrin- 
dosen sei durclweg geringer. Im iibrigen sei auf die fruhere Diskus- 
sion (Alwall, 1043) verwiescn. 


Zusammenfassimg von Kap. I. 

Benzedrin und Pervitin in einmaliger Dosis am Morgen des 
letzten Tages steigert die Leistung im Gelandelauf von Vp., die zw^ei 
Oder drei Nacbte hintereinander und an den dazwischenliegenden 
Tagen durcb Scblaflosigkeit und kdrperliche Anstrengungen ermu'det 

sind. Diese Wirkung ist marlcanter bei den Vp., die sich nacli Ein- 
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nahme der Stoffe aasgeruht gefuMt odar unangenohme Neben- 
w»ui.gen verspurt haben. d. h. bci cmpfanglichercn Personcn. 

Die Ergebnisse stehen im EinWang mit einsehlagipn Angabcn in 
der Literatur, die jedoch nicht aus Versuchen mil ebcnso slat, 
ermiideten Vp. herriihren. 

Die Wirkung von 20 mg Benzcdrin, am vorlclzlcn la„e dcs 
Dreinacbtcversucbs vcrabtolgl, danert wahrschcinlicb mindcslens 
24 Stundcn an. 


Kap. II. Studien iiber die Wirkung von Benzcdrin und 
Pervitin auf die psycliische Leistungsfiihigkeit. 

Die Bedeutung des Ermudungs^radcs fur die Wirkung- Dosicrung 

des Benzedrlns. 


Dieser Abschnitt umfasst Versucbc mil A. Bourdon-Tesls iind 
B. Rcchtentests sowie C. Zusammenfassung. 

Der ersle psyclioleclmisclic Test wurde hei der Riickkohr ins Quart ior 
nach Abschluss der Ermudungsubungen vorgononinion. Ansebliessond 
ivurden die Tabletten ausgeleilt, und zwar Lcertablclten riir die Konlroll- 
serie, Benzcdrin- oder Pervilintablelten fiir die tibrigen. 1 — 2 Slundon 
spMer wurde der psycbotcclinische Test mil neuem Text hzw, nouon 
Rechenaufgaben wiedcrholt . 

Samlliche Teilnelimer fiilirlen den Test zugicicli aus, und zwar bokain 
aucli jede Vp. bei beiden Tests den gleichen Platz im Priifungsraum, (iamit 
Untersebiede in der Beleuclitung vermieden wiirden. Der Vorsuchsloitor 
gab den Zeitpunkt fiir Beginn und Scliluss der Priifung. Urn Gleiclizoilig- 
keit und Konlrolle zu gewalirleislen, waren bei den grossen Versuciisrcihcn 

bei einer Priifung iiber 700 Vp. — besonderc organisatorisclio \'or- 
kelirungen gelroffen worden. 

Durch einen orientierendon Versucb Avaren die Vp. im voraus mil dor 
Untersuchungsteclmik vertraut gemachl worden. 


A. Bourdon-Tcsivcrsiiclic. 


Die Tabellen 
tesiversuche, die 
sind. ' 


3 und 4 verzeichnen die Ergclinisse der Bourdon- 
nach den Drcinachleiibungcn ausgefulirL worden 


Der erste Testversucli wurde eecen 4 45 Tllir fniii. rin. •; 

Ubr moreens r i/ c, der zwoito gegon S 

e , lA\a /o Slunden nach Ausgalic der Tablet Ion duirhgo- 
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ftilirt. Betreffs der Verteilung und Dosierung der Tabletten sipIip TaL«i) o 
sowie Ahvall, 1943. Wtod ainer Zei. vL 3 mIuCiS™ S vn 
MS emem voi^eleglen.Text swei Buchstaben zu slreichen. BewerlelmirdM 
die Lesegescliwindigkeit (Anzahl geiesener Buchstaben) und die Gemui!? 
keiL - die Punktzabl errechnet sich aus der Anzahl^icbtig ^Se-' 
ner Bucbslaben abzughdi der iibersehenen und falsch durchslrichenen. 


Der Test liefert also einen Gradmesser fur die Fahigkeit zn 
kurzdauernder gespannter Aufmerksamkeit. 

• Die Mittelwerte sind praktisch im ersten Versuch samtliclier 
Serien die gleichen, ebenso die Feh]er-%-Werte. Im zweiten Ver- 
such steigt die Anzalil der Moglichen in Ser. 2—4 mehr als in der 
Kontrollserie, Ser. 1, 


Die in Ser. 5 und 6 gewonnenen Ergebnisse werden in einer ande- 
ren Arbeit besprocben (Ahvall, 1943). 

Tabelle 3 zeigt die Verteilung der individuellen Unterschiede 
zwischen der Leistung im ersten und zweiten Testversuch. Die 
Unterschiede zwischen Ser. 1 einerseits und Ser. 2 — 4 andererseits 
konnen zwar nicht als statistisch gesichert gelten, doch scheint 
es ziemlich klar, dass Benzedrin und Pervitin die Lesegeschwindig- 
keit steigern. 

Die Tabletten verursachen eine zwar statistisch nicht restlos 
gesicherte, aber doch ziemlich klare Verbesserung der Genauig- 
keit, ausgedriickt in der Anzahl der erzielten Punkte, wie aus Tabelle 
4 hervorgeht. Am deutlichsten ist diese Wirkung bei den Vp. der 
Ser. 2 — 0 zu vermerken, die sich beim zweiten Testversuch aus- 
geruht fiihlten. Wir finden somit, dass Benzedrin md Pervitin 
bei diesen crmiideten Versuchspersonen vermutlich die Lesegeschwin- 
digkeii und mil grosster Wahrscheinlichkeii die Genauigkeit im Bour- 
donschen Testversuch steigern. 


Die Sicherheit der Resultate leidet in gewissem Grade unter der grossen 
Leistungssteigerung, die in- samtiichen Serien zwischen dem ersten und 
dem zweiten Versuch eingetreten ist. Folgende Erklarungsmoglichkeilcn 
fiir diese Steigerung lassen sich in Betracht ziehen; 1) bessere Gbung beim 
zweiten Versuch? (doch diirfte sich dieses Moment weniger stark geilend 
machen, da vor dem ersten Versuch ja schon ein Instruklionsversucli 
gemacht worden war und da weiter der Test in nur 3 Minuten durclige- 
fiihrt wurde); 2) leiclitere Buchstaben in Versuch 2? (im ersten Versuch 
wurden n und 1 gestrichen, im zweiten e und k); 3) die Anzahl der beiden zu 
streichenden Buchstaben war im zweiten Versuch grosser? (das war indes- 
sen nicht der Fall: a) in den ersten funf Zeilen im ersten bzw. zweiten Ver- 
such waren 33 bzw. 32 Buchstaben zu slreichen, b) in den ersten 
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Im Zusammenhang mit den Rechentests der ermudeten Vp. 
wurden Bourdon-Teste ausgetuhrt, deren Ergebnisse nicht yon den 
bier genannten abweiclien. Sie warden im tolgenden mltgeteilt wer- 

den. 

Die im Schrifttum vorliegenden Angaben iiber die Emwirkung 
von Benzedrin oder Pervitin auf die Leistung im Bourdon-Test 
betreffen nicht ermiidete Personen. 

Lehoczky, 1938, schreibt kurz, ohne Material vorzulegen: »Mil objek- 
tiven Testversuchen ist eine Zunahme der Konzentrationsfaliigkeit fest- 
zustellen, beim Bourdon-Tes'versuch ist am haufigsten die Abnalime der 
Zeitdaner sowie der Fehler zu konstatieren.» 

Gsir-ady and Dirner, 1939, fanden steigende Bourdon-Fehler-%-Werte 
nach 20 mg Benzedrin bei 5 nicht ermudeten Versuchspersonen, die an 
verschiedenen Tagen einer Reihe von Tests ohne vorherige Aufnahme von 
Medikamenten bzw. nacli Einnehmen von solchen, u. a. Pervitin, unter- 
zogen worden waren. ))Die Priiflinge hatten 3 der Abbildungen des Bour- 
donschen Tests, die zugleich 10 Sek. lang exponiert worden waren, in den 
ersten 10 Zeilen des Textes vor dem Worterlernen und in anderen 10 Zeilen 
3 andere Abbildungen am Ende des Versuches zu durchstreichen.». In den 
Kontrollversuchen am ersten und letzten Tage ergaben sich 1.25 {Grenzen 
0.25 — 4.0) bzw. 2.95 % Fehler (1.0 — 9.25), Werte, die in den erlaubten 
Grenzen bleiben. Nach Pervitin 9.25 % Fehler (Grenzen 5.75 — 11.75 %). 

Wollstein, 1939, sah keine sichere objektive Wirkung von 15 mg Benze- 
drin auf die Leistungen einer grosseren Anzahl ausgeruhter Versuchsper- 
sonen in einem Bourdon-Test von 10 Minuten Dauer (Streichen von 4 
Buchstaben). 

Lemmel und Hartwig, 1940, wandten folgendes Verfahren an: »i/^— 2 
Stunden nach Einnahme des Praparates A\mrde zunachst mit dem Abstreich 
test von 5 Min. Dauer begonnen. Unmittelbar darauf wurde 3mal je 1 Min- 
gerechnet. Darauf wieder 5 Min. Abstreichtest und 3mal je 1 Min. Rechen-. 
test. Abstreichtest und Rechentest ivurden in diesem Wechsel- jeweils 7mal 
ohne grossere Pausen im Verlaufe von etwa 70 Min. hintereinander wieder- 
holt. Gewertet ^vurde bei jedem Versuch stets nur die Summe der 7 Ab- 
streichtests von je 5 Min. Dauer und die Summe der 7mal Rechentests von 
^ ^auer.» 5 Versuchspersonen, die an verschiedenen Tagen mit 
Kontrolltabletten, Benzedrin oder Pervitin gepruft wurden. Die verab- 
folgten P- und B-Dosen sind nicht angegeben. 

Beim Bourdon-Test, wobei 3 Buchstaben zugleich abgestrichen wur- 

, s eiger en die verabfolgten Stoffe das Arbeitstempo mit 4 3 6 1 W 

Zunahme der abgestrichenen Buchstaben'im Vergleich zum Leerversudu 
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D,c Fo].Ierzahl nal.m rolz cles bescl.leunigten Tempos ab. Benzedrin oder 
Penilni babcn also das Arbeitslempo gesleigerl, »oline dass darunter die 

Genauigkcil, oder die Konzenlralionsfabigkeit. leidet, sondern sich eher 
chvas besserl.o entr 


Eine (lircktc Yeroleiclning dcr cinandcr widerspreclienden Anga- 
J)Gn dcs SchrifLlums mid dcr obcn angcfiilirlen Ergclinisse ist wegen 
<lcr unlerscliicdlichcn Vcrsuclisbcdingungcn und der in der Rcge] 
klcincn ^^c^sucbsreibcn niclil mdglicli. Wic im folgenden eingehen- 
der erorlcrl wird, spiclon niclit nur dcr Grad der Mudigkeit, sondern 
xAvcifcllos aiicb die Dosicrung und die individucllc Empfindlichkeit 
gegen die cingcnomincnc Dosis cine cntscbcidende Rolle fiir das 
Ergebnis, 


B. Rcchenlcslvcrsncbe. 

{Ncbsl cinigen Bemerkungen zur Bedculung der Mudigkeit fiir die 
Wirkung-Dosicrung des Benzedrins.) 

Xacli Ermiidung waren 15 Min. Jang obne Unlerbrechung einfacliere 
Eeclionaiifgaben iin Kopf zu Josen. In den vorgeleglen Aufgaben sollten 
gowissc ausgelassene Zalilen cingesotzl werden. Die 140 Aufgaben umfass- 
fen alJe vior RecJimmgsarten. Die Aufgaben waren so ausgearbeitet und 
zusamtnengesleill, dass koine allzu leichten und allzu scluveren Kombina- 
lionen vorkamen. Bei der Werlung ivurde teils die Scbnelligkeil (die An- 
zalil geldsler Aufgaben) benicksichligt, teils die Siclierlieit (die Feliler- 
prozenlzalil). — Eine kleinere Anzabl nicbl ermudeterVp. musste teils 15 
Min. lang dieseibcn Aiifgaben Icisen, die den Ermiidelen vorgelegt ivorden 
ivaron, toils in 10 Min. liedeutend sclnverere Aufgaben. Nach dem ersten 
Versucli wurden Tablcllen ausgegeben, und nach etiva 1 Vz Stunden wurde 
der,Reclicnlcsl mil neuen, dock gleicliarligen Aufgaben wiederliolt. 

In dcr Literatur selzl man die Siclicrheit der Leisiung beim 
RccbcnlcsL im ■wcsentlichcn auf das Konto der Merkfabigkeit. Die 
Sclmelligkeitwird als eine Folge des Konzenlrationsvermdgens ange- 
seben; kann man sich nicht konzenlricren, so verliert man den Zu- 
sammenbang und muss nocli einmal von vorn anfangen. 

Bevor ich iiber die Einwirkung von Benzedrin auf das Rechen- 
vermogen ermiidcicr Vp. eingchc, gebe ich im Anschluss an 
Litcralurrefcrale — die Resultale von eigenen Versuchen iiber die 
Einwirkung von Benzedrin auf das Rechenvermogen niclit ermti- 
detcr Vp. an. 
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1. Die Wirkmg von ^0 mg Benzedrin auf das Rechcnvermogen mcht 
ermiideleT Versuchspersonen. 

Die in der Literatur begegnenden Angaben iiber die Emwirkiing 
von Pervitin und Benzedrin auf das Rcdienvermogen nicbt crmu- 
deter Vp. sind widerspruclisvoll. 

Im Zusammenliang mit iliren in diesem Kapilel sclion erwalmien Unler- 
suchungen iiber die Bimvirkung von 20 mg Benzedrin auf die ResuUalc m 
Bourdon-Tests an 5 Vp. fanden Csir4dy und Dirner, 1939, aucli eine Ab- 
nahme des Recbenvermogens in einer Reihe einfacherer Aufgaben, An den 
beiden Kontroiltagen ^vurden von 36 moglicben Aufgaben durcbsobniltlicli 

Q 30.4 Aufgaben geldst; nach Einnahme von Benzedrin nur 23. -1. 

Die Sireuung der Ergebnisse in diesen kleincn Yersucli.sreibcn isi je- 
doch gross. Die Grenzen der Anzah! geldster Aufgaben waren an den beiden 
Kontroiltagen 29—35 hzw. 25—35; in der B-Reibe 9—31. Die Ergebnisse 
sind in Anbetraclit dieser Streuung weniger sicher. 

Lemmel und Hartwig: Zunabme der addiertcn Zahlcn uin -1.0 — -1,3 % 
nach Einnahme einer nicht angegebenen Jlenge Benzedrin oder Pervitin. 
Die Zahl der Fehler auf je 100 addiertc Zahlcn fici von 3,2 im Lccrver-. 
such auf 2.8 bzAV. 2.7. 

Lehoczicy, 1938: uBei dem Addilions-Teslvcrsuch nach Kriipelin er- 
hielten ^Yi^ bei einemTeilder Fallc cin bcsseres ResuUat.bei den ubrigou’ 
zeigte sich nur eine gcringe oder unbedeutendo Andcrung.'> 


Versuebspersonen waren niclit-erniiidctc Sluclcnlcn der iMcdizin. 

Um 8 Uhr morgens musslen diese erst im Laufe von 15 :Min. einen 
Rechenversuch ausfiihren, der dieselben Aufgaben enlhiellwie die in den 
spateren Yersuchen mit ermiideten »ungebildeten» Soldaten verwendeten. 
Im folgenden nenne ich diese Aufgaben den #Icichtcn Reciicnteslw. Nach 
einer Pause von 10 Min. folgte der »sch\vere Reciientesti), der 10 Min. dau- 
erte. Im Anschluss daran erhielt die eine Halfte der Yp. Leerlablelten und 
die andere Halfte 20 mg Benzedrin. Nach elwa 2 y. Stdn. folgle ein 
erneuter deichter Rechenlesl.) wahrend 15 Min. und nach" 10 l\Iin. Pause ein 
»sch\verer Reciientesti) wahrend 10 Min. 

Die Aufgabe war in beiden Tests dieselbe: nach Kopfrechnung ausge- 
lassene Zahlen einzusetzen. Der Schwierigkeitsgrad der Versucho erhollt 
aus der mittleren Anzahl der in 15 Min. {leichle) bzw. 10 Min. (schwere) ge- 
losten Aufgaben ira ersten Yersuch; etwa 80 bzw. 18. Folgende \urgabon 
smd den verschiedenen Yersuchen entnommen. (Vorausgeselzt ist, dass die 
mme der Zahlen links von einem Gleichheitszeichen glcich der ersten 
MferrechtsvomGte^^^^^^ ) + 19 = 30 + ( ) 

c; 1 ’ ( ) — ( ) + 7 = 14; ( ) X 2 — 3 = 19 — ( ) — 13 

Bcteere: 7 X 15 = ( ) + 27 + ( ) „ 204; 30; ( ) = 4 v T rfi 

-^81 = 162;( ) — 27«( )_49;,„52 ' ' ' I — ®'’ 

^ Ada med. scandinav. Vol. CXIV. 
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Tabelle 5. 


Vcrsuchsserie 

• Lcichle Rechen- 
aufgaben (15 Min., 
15 Vp.) 

Schmere Rechen- 

aufgaben(10IUin. 

17 Vp.) ' 

Leertabl. 

20 mg 
Benz. 

Leertabl, 

20 mg 
Benz, 

1. Probe 





Gcloste Aufgaben, Miltelwert . . 

81.1 

78.2 

18.6 

17 6 

Fclilcrprozenl 

5.8 

6.1 

18.0 

15.8 

Andcrung von ]. — 2. Probe 





Anzahl d, gcibslcn Aufgaben % 

+38 

+37 

+ 63 

+47 

‘ * Fcbler % 

— 9 

+ 39 

—39 

+95 


Das Ergebnis dcs IdchlenRechmicsls (Tabelle 5) lasst sicli wie 
foigt zusammenfasscn: In beiden Reihen nimmt die Anzahl der 
gcloslcn Aufgaben ini zweitcn Versuch in gleichem Grade zu. Die 
Febleranzahl in der Konlrollserie nimmt etwas ab, nimmt dagegen 
in der Konlrollserie zu. 20 mg Benzedrin haben also ingeringem 
Grade die Faliigkeit zur Losung der leicliten Aufgaben lierabgesetzt, 

Im schwcrcn Rechentcst (Tab. 5) stcigt die Arbeitsleistung in 
beiden Serien an, aber mebr in der Konlrollserie. Die Febleranzahl 
nimml in der Bcnzedrinseric stark zu, wahrend sie in der Kontroll- 
serie abniminl ( — 39 bzw, + 95 %). 20 mg Benzedrin haben eine 
ungiinstige EinAvirkung besonders aiif die Sicherheit bei Aufgaben 
dieses Sclnrierigkeitsgradcs. 

Die verscbieden lange Versuchsdauer diirfte auf die Ergebnisse ohne 
Einfluss sein. Der scbwere RecIientesl.Avurde in kiirzerer Zeil durchgefiihrl, 
damil sicli nicbt die Ermiidung zu selir geltend machen sollte. Man konnle 
namlich vermuten, dass bei langerer Versuchsdauer sich eine mudigkeits- 
bekiimpfende Wirkung des Benzedrins geltend gemacht haben konnte, 
wodurcli der ungiinstige Effekl hatte ausgeglichen werden konnen. 

Es hal sich somit gezeigl, dass eine Dosis von 20 mg Benzedrin das 
Rechenvermogcn ausgcriUiter Vp- wn so schwerer storl, je schwerer die 
vorgelegte Aufgabe ist, d. h. je hohere Anfordermgen an die Konzen- 
iraiionsfdhigkeii gesielll iverden. 

Hier haben wir vielleicht die Erklarung fiir die einander Avider- 
sprechenden Angaben der Literatur. Bestimmend fiir das Ergeb- 
nis diirften im Einzelfall sein 1) die Grosse der Dosis, 2) die fruher 
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rAIwall W43) liervorgehobene, von cler zufalligen Disposition 
E';Sur»- Benktion der betroff^do,. Person aul 

Le gewisse Dosis, 3) die Art der Arbeitsaufgalje; jc sctarfere Kon- 
zentralion erforderlich ist, um so naclitciliger ivirkt sic i cine 0 ) 
dosierung aus. Als flberdosicrung wird in diesem Falle einc Dosis 
betraohtet, die fiber der in einer bcstimmten Silualion fur die betref- 
fende Person optimalen Gabe liegt, 4) Die individnelle Realdion 

auf diese Substanzen. 


2. Die Wirkung von 20 mg Benzedrin auf das Bcchenvcrmogen cr- 
miidder Versiichspersonen. 

Urn die Bedeutung dcs Grades der Ermudiing fiir die Benze- 
drinwirkung zu unteisucben, mirde die Einwirkung einer gleidiblei- 
benden Benzedrindosis auf erniiidele Vp. in verscliiedcnen Ver- 
siichsreilien miteinander verglichen; in der einen Scric wurden die 
Versuche in den friihen Morgenstunden, bevor cs da in merle, 
die Mvidigkeit nach dem normalen Tagesriiytlimus am slaricslen ist, 
ausgefuhrt. In der zweiten Serie wurden die Versuclic am Vormit- 
tag des gleichenTages durcbgefulirt, wo die Miidigkeit, und Schlafrig- 
keit spontan nachgelassen hat. 

Etwa 200 Vp. im Alter von ungefahr 21 Jaliren imisslo in 2 anfeinander 
foigenden Nachten (Anfang Maij sckwercre korporlichc Arbeit tun. An 
dem dazwisclienliegenden Tage verschiedene 'Obungen oJmc ?.fdglich- 
keit zu schlafen, 1} Die eine Halfte der Mannschaft mar.scliierle in dor 
letzten Nacht um 24 Ulir ins Quartier zuriick. Nacli Durclifiihning eines 
Bourdon-Tests von 3 Minulen Dauer, gefoJgt von 10 Min. Rulic und oinoni 
15 Min, dauernden Reebentest erliielt die eine Haifle cler Slunner zusam- 
men mit Weissbrot und Kaffee Leertabletten, die ubrigen 20 mg Benzedrin. 
Nacb ehva 1 % stiindigen weiteren Obungen wurden gleiciiarlige Tests, 
dock mit neuen Aufgaben, durcbgefulirt. Die Versuche waren bis zur 
Morgendammerung beendigt. 2) Die zweite HiUfle der Mannschaft mussle 
ohne Unterbreebung bis 8 Uhr morgens weiterarboiten, worauf sie ebenfalls 
die Tests ausfiibren musste und Tablelien erliicU. Die im Bourdon- wie im 
Reebentest vorgelegten Aufgaben waren fiir beide Gruppen die gleicbcn, 
und zwar die in den .obenenvalmten Versuchen (die Bourdonlesls lizw! 
die ieichten Rechenaufgaben) angewandlen. 

Die Ergebnisse sind aus Tabelle 6 zu enlnehmcn. Die Anzalil 
der gelosten Reciienaufgaben nalim von der ersten zur zweiten Proiie 
em wenig zu; 2—9 %. Die Anzalil der Felder erhbhtc sich in der 
Kontrollsene des Nachtversuchs um 47 %, in der Benzedrinserie um 
nur /o, as Benzedrin halte also eine Leistungsbcsscrung bewirkt. 
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Tabelle 6. 

Die Ei,„vlrk„„g von 20 mg Beneedrln on, Rccl.envermOg.n Noch,. 

Tagversuch. 


'''ersuchsserie 

Nachtversuch 
(4(> Vn.) 

Tagesversuch 
(45 Vp.) 


Leerlabl. 

-20 mg 
Benz. 

Leertab!. 

20 mg 
Benz. 

1. Probe 





Gelbste Aufgaben, Mitlelwcrt . . 

43.7 

47.4 

44.2 

45.0 

8.7 

Felilcrnrozcnt 

S.O 

7.2 

9.6 

Xndcnmg von 1. — 2. Probe 




Anzahl cl. gelosten Aufgaben % 

-f 2 

+ 8 

-f- 9 

. -f 9 

» » Fehler % 

-f47 

+ 27 

-fl3 

4-32 


Im Tagesversuch betrug die Steigerung der Fehleranzahl 13 
bzw. 32 %; bier hatte also das Benzedrin das Rechenvernidgen 
verschleclitert. Diese Versclilechterung erreicht nicht die gleiche 
Grdssenordnung we die in den Versuchen mit nicht-ermiideten Vp. 
in Tabelle 5. 

Trotz der verschiedenen Anzahl der Vp. in den verschiedenen 
Serien, trotz der durch die grosse Steigerung der Arbeitsleistung in 
der zweiten Probe der Studenten und trotz des verschiedenen in- 
tellektuellen Trainungs usw. der Studenten und der Soldaten schei- 
nen dock die Resultate einen Beitrag zur Frage der Bedeutung des 
Ermudungsgrades fiir die Wirkung-Dosierung des Benzedrins 
zu erlauben. Es seien folgende Kommentare gemacht, 

1) Die leicliten Rechenaufgaben in Tabelle 5 und die Aufgaben in Tabelle 
C sind die gleicben. Die Studenten schaffen fast doppelt so viele Aufgaben 
und die Fehler-%-Zahl ist etwas kleiner, Fiir die gewolmlichen Relcruten 
(Tab. 6) sind teils die Aufgaben relativ schwerer, teils kommt die Br- 
mtidung hinzu. Die relative Schwierigkeit fiir die Soldaten diirfte zwischen 
derjenigen der leicliten und der sclnveren Rechenaufgaben fiir die Studen- 
ten liegen. Man diirfte deshalb bei ehvaiger Uberdosierung unter den Sol- 
dalen einen relativ grossen negativen Ausscblag envarten konnen. 

2) In der Kontrollserie des Nachtversuclis nimmt die Fehlerzahl bedeu- 
tend melir zu als in der des Tagesversuchs. Dies diirfte darauf beruben, 
dass im Nachtversuch die zweite Probe zur Zeit der starksten Miidigkeit, 
namlich im Morgengrauen, vorgenommen wird. Die Vp. des Tagesver- 
suchs dagegen fiihren ihre zweite Probe spater am Tage aus, wo die Jliidig- 
keit spontan abnimmt. 

3) Die relativ bessere Leistung nach Einnelimen von Benzedrin wahrend 
der Naclit diirfte darauf zuriickzufiihren sein, dass die Miidigkeit nacbts 
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trotzdem die betrettenden Vp. S Stunden langer olino SoWat nnd acn 
Anstrengungen ausgesetzt waren. 

Die Erklarmg durjie sein, dass 20 mg Benzednn in dicscn Ver~ 
suchen den stark ErmMden hiljt (der Ermiidmgsgrad war am gross- 
ten im Nachtversuch), dass die Dosis aber in mehreren Fallen fur die 
iveniger Ermiideien (im Tagesversuch) zu gross ist, md dass die 
Dosis besonders fiir die gar nicht ermudctcn Siudenien in grdsserem 
Umfang Uberdosierung bedeulet und Gedankcnjlucht sowie vermin- 
derte Konzentrationsfdhigkcii vcrursacht. 

Ganz analog bewirld der Tagesrhytmus, dass z.B. dicselbe Dosis 
Luminal am Tag als Sedathnim, in der Nacbt als Hypnolicum wirken kann. 


Ungunstige Wirkung zu Beginn bei den \veniger Ermudcten 
schliesst naturlich einen spateren gunstigen Effckt niclit aus, wenri 
der Versucli so in die Lange gezogen wird, dass sicli die Miidigkeit 
normalerv.'eise geltend zu maclien und das Rechcnvcrmdgen zu 
schwachen beginnt. Auf diese Weise kann es natiiriich doch vor- 
teilhaft sein, in einer bestimmten Situation z. B. 20 mg Benzednn 
zu verabfolgen, wenn sicli die Arbeitsleistung iiber langerc Zeit liin- 
ziehen soli. Richtiger diirfte es al)cr oft sein, in cineni solclicn Falle 
anfangs iiberhaupt kein Benzedrin oder Pervitin zu verabfolgen, 
Oder dock nur in einer so kleincn Dosis, dass keine Storungen auf- 
treten. Spaler sind bei Bedarf sukzessiv kleincrc Mengcn zu ver- 
abreichen, was moglich ist, da sich die Wirkung bereits nach 
Stunde zeigt. 


Im Schrifttum liegen einige IVIitleilungen iiber die Einwirkung 
von Benzedrin oder Pervitrin auf das Reclicnvcrnidgen ermiideter 
Personen vor. Der Grad der Ermudung ist jcdoch nicht derselbc vie 
in den bier referierten Versuchen oder die Angaben sind zu knapp 
gehalten, um kritische Vergleiche zu ermdglichen. 

Ohne Einzelheiten anzufuhren, sclireibt Ranke, 1931), in einom kurzon 
n "i’ ^®!®^«"g®stc‘gerung durch arzlliche Mnssnahmon: .>Der 
nen in ® Pervitin wiirde an 90 Versuchsperso- 

^ n Rccbcnpro> 

bna die MerktiihiBkeil wW 
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Graf, 1939, machte Versuche an 2 Versuchspersonen, die mehrere Tai?p 
Jynteremander vor und nach Anstrengung ira Ergometer RechenaufgabL 
losen mussten. Die erste Probe \vurde um 8 Uhr morgens durchgefiihrt die 
zweile 2 y„— 4 % Stunden spater. In fast samtlichen Versuchen war’mit 
Oder ohne Pervitin im zweiten Test eine Leistungssteigerung gegeniiber 
dem ersten Test zu verzeichnen. — 9 mg Pervitin nach dem ersten Versuch 
verursachte nur bei der einen Vp. eine unverkennbare Besserungder 
Rechenleistungen, wahrend bei der aderen keine sichere Wirkung festzu- 
stelien war. 

Pellmont, 1942, liess 10 durch korperiiche tjbungen ermiidete Sportier 
u. a. rechnen. »Es miissen 10 x 10 ein- bis zweistellige Zahlen addiert 
werden. — Diese Probe wurde nach der benotigten Zeit und nach der An- 
zahl der riclitigen Ldsungen beurteiJt.o — 6 mg Pervitin bewirkte eine ge- 
msse Kiirzung der benotigten Zeit, hatte aber auf die Richtigkeit keinen 
sicheren Einfluss. 


Im Zusammenhang mit den Rechentests wurden auch, wie 
schon gesagt, Bourdon-Tests durchgefiihrt. 

Nacli Einnalime von 20 mg Benzedrin Avar in diesen Proben soAA^ohl im 
Nachtversuch ais im Tag\'ersuch eine ieicJite Besserung soAVohl der Lese- 
geschwindigkeit als der Genauigkeit festzusteJlen: MittehAmrte im Nacht- 
versuch + 11.4 [+ G.4) Mogliche und -f 5.7 (-f 2.6) Punkte in der Benze- 
drin- bezw. Kontrollserie, im Tagesversuch entsprechend + 16.0 (-f- 10.4) 
und -f 14.5 (-p 12.0). • — Kein A\msentlicher Unterschied ZAAUSchen der 
LesegescliAAundigkeit im Nacht- und Tagesversuch. 


Zusammcnfassung von Kap. 11. 

In diesem Abschnitt wnirde die Einwirkung untersucht, die 20 
mg Benzedrin auf die psychische Leistungsfahigkeit ausiibt, und 
zwar 1) in Bourdon-Testversuchen an ermiideten Vp. soAA’ie 2) in 
Rechentests an nichtermudeten und ermiideten Vp. 

Vp., die in 3 aufeinander folgenden Nachten und den 
dazwisclienliegenden Tagen keine Geiegenheit zum Schlafen gehabt 
haben, reagieren nach Einnahme von Benzedrin oder Pervitin 
mit einer Besserung der LesegeschAAundigkeit und -richtigkeit im 
Bourdon-Test. 

Im SchrUttum tiegen keine Untersuchungen fiber die Wirkungen 
dieser substanzen bei Ermfidung dieses Grades vor. 

Die Rechenleistung nicht ermiideter Vp. lasst nach Einnahme 
von 20 mg Benzedrin nacli, und zwar bei schweren Aufgaben star- 
ker als bei leichten. Die Bedeutung der Schwere der vorgelegten 
Aufgabe beim Stadium der Benzedrinwirkung im Rechentest 
scheint bisher in der Literatur nicht beachtet Avorden zu sein. 
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Nad. Ermildung thread 1 %-2 Nadrtcn und des daawischen- 
Iie=encten Tages steigem 20 mg Benzedrm die Rcclieiigcscliwin 
keU and scnlL die Felder- o/„-ZaM in Versnchen, die be.m Morgen- 
orauen durdigctUlirt warden, walirend sicli in am VormiUag . . 
oeftilirten Versuchen. bei denen die Ermiidungsubiingen clwa 
1 Stunden langer angedaiiert liaben, eine ungiinstige Wirkung beob- 
achten lasst. Dies diirfte darauf berulien, dass die Mudigkcit im 
normalen Tagesrhytlimus um die Fruhdammerung henim am gross- 
ten ist and wahrend der liellen Tageszeit abnimmt, imd zwar auch 
nacb langerer Schlaflosigkeit. Die Stdrung durcli Benzednn im 
Tagesversuch ist niclit so ausgesproclien wie in den Versueben mit 
niclit ermiideten Vp. 

Die damit aufgezeigte Bedeutung dcr augenblickliclicn Disposi- 
tion der Vp. fiir die Reaktion aiif cine beslimmte Mengc Benzedrin 
(Oder Pervitin) ist bislier nicht beaclitcl vorden. Eine und dicsellje 
Dosis kann unter verschiedenen Bedingungen das eine Mai gunstig, 
ein anderes Mai ungiinstig, ein drittes Mai iiberliaupt niclit aiif die 
Leistimgsfahigkeit (vi’enigstens die psychisebe) cin>Yirken. Voraus- 
setzung fiir einen gewiinscliten ps^’^cbischcn Effekt ist also, dass ein 
Ermiidungszustand o. dgl. vorbanden ist, der beboben werden 
kann. Wenn dies der Fall ist, so diirfte die Dosis so abzupassen scin, 
dass die optimale Dosis nicht ubersebritten wird. 


Kap. III. Studien fiber die Einwirkung von Benzedrin 
anf die Treffsicherheit ermiideter Schiitzen beini 
Scheibenschiessen. 

Am ersten Tage des Zweinaclilevcrsuches (vor Beginn der Ermudungs- 
iibungen) sowie am Vormittag des lelzten Tages (nacb Beendigung der 
tibungen und nacli dem Elnnelimen der Tabletlen und der Durclifiibning 
der ietzten psychoteclinischen Probe) wurde nacli der Sclieibe gescliossetr, 
eine Untersuclmngsform, an welcbe die Vp. gewolint waron. 

Scheibenschiessen auf 200 m Abstand nacb der Sringigen Scheibe. Nacb 
3 Probeschussen, die markiert wurden, scliosscn die Vp. liegend mil auf- 
gestiitztem GeAvehr innerhalb von 3 Minuten eine Serie von 10 Scliuss so 
dass die vorgeschriebene Anzabl Scliuss olme Eileabgegeben wrdenkonnte. 
Di eizielte Punktzahl ist der Gradmesser der Treffsicliorhoit 

1 ' Versuchsergebnis wird durch den Unterschied zwiseben 

bra der ersten und der ziveitcn Probe gezciglen Leislungcn angcgcbcii. 

Die Mitlehverle der Andcrung dor Punklzalil vom 1. bis 2 

+ foT ‘v Versuclisrcilien siiid olwa die glcicllen; 

+ 1.9 fur die Benzedriuserie und + 2.4 ffir die Koiitrollscrie. Ein 
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Tabelle 7. 


Beini ersten 
Schicssen erzielte " 
Punktzahl 

Benzedrinserie 

Kontrollserie 

.^nzahl d. Vp. 

1 Mittehvert 

Anzahl d. Vp. 

lUittelwert 

50— J 6 

10 

— 5.9 

5 

— 4 3 

•J5— 41 

34 

— G.6 

34 

— 1.5 

40—36 

52 

— 1.9 

51 

— 1.0 

35—31 

43 

+ 1.1 

43 

— O.G 

30—26 

26 

+ 4.3 

40 

+ 3.3 

25—21 

27 

+ 2.4 

16 

+ 9.5 

20—16 

21 

+ 9.6 

20 

+ 8.1 

15—11 

12 

+ 16.2 

9 

+ 8.0 

10—6 

8 

+ 11.7 

8 

+ 12.0 

5 — 0 

6 

+ 19.7 

3 

+19.0 


239 

+ 1.9 

230 

+ 2.4 


zuverlassiger Vergleich lasst sich indessen auf dieser Basis nicht an- 
stellen. Eine solche Zusammensteliung kann wesentliche Ande- 
rungen der Schiessergebnisse soldier Vp. versdileiern, die vermut- 
lich besonders durch die Tablellen beeinflusst werden, namlicli die 
guten und miltelguten Sdiiitzen. Deshalb ist das Material nadi den 
bei dcr ersten Sdiiessprobc crzielten Ergebnissen in Gruppen auf- 
geteilt und bewertet \Yorden, Tabelle 7. Jede Gruppe umfasst 5 
Punkte, so dass also 10 Gruppen entstehen, mil der Punktzahl 
50 — 46, 45 — 41, 40 — 36 usw. 

Bei den Vp., die beim ersten Scliiessen hohe Punktzahlen erreicht haben, 
liegen die Moglichkeiten zu Anderungen nacb Einnabme der Tabletten 
lianptsaclilich in negativer Ricbtung, ^Yah^end es bei denen, die zuerst 
schlecbt geschossen liaben, umgekebrt ist. 

In der Punktgruppe 50 — 46 ist das Mittel der Anderung in der 
Benzedrinserie kleiner, namlich — 5.9 ( — 4.3 in der Kontrollserie) 
Punkte. Markanter ist der Unterschied in der folgenden Gruppe, 
45 — ^11 Punkte: — 6.6 ( — 1.5). Audi in der Gruppe 46—40 Punkte 
ist die negative Anderung in der Benzedrinserie etwas grosser. 

Tabelle 8 zeigt die Verteilung der Anderungen in den drei besten 
Gruppen. Es kann nicht ausgeschlossen werden, dass 20 mg Ben- 
zedrin die Treffsicherheii der giiien Schiitzen verschlechtern. ■ 
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einwirkukg von BENZEDRIN USW. 
Tabelle 8. 


Detailunlcrsuchuug dcr Gruppcn. 


der Yer 

Anderung 
vom 1. bis 

2. Schiessen 
zur Punktzalil 

50—46 Punklc 

45_44 Punktc 

40—36 

Punklc 

B-Ser. 

K-Ser. 

B'Scr. 

K-Scr. 

B-Scr. 

K-Scr. 

+ S— 12 
+ 3—7 
+ 2—2 

— 3—7 

— S— 12 

—13—17 

—18—22 

4 

2 

1 

2 



2 

2 

1 

3 

9 

8 

8 

2 

2 

1 

7 

12 

10 

3 

1 

4 

15 

13 

8 

0 

3 

1 

5 

14 

14 

9 

3 

3 

2 

—23—27 

1 

— 

1 

— 



—28—32 

— 

— 

1 

— 

2 

1 

Zusammcn 

10 

5 

34 

34 

52 

51 . 


Leider war es nicht moglicli, durcli personliche Umfragen nac]i den 
Grunden der versclilechterten Resultate zu forsclien, da das Material ersl. 
einige Zeit spater bearbeitet werden konnte. 

Unter den vorliegenden Versuchsbedingungcn liisst sicU der 
etwaige Einfluss der Miidigkeit auf die Trcffsichcrlicit beini Scbies- 
sen nicht erkennen. 

Aus dem Sclirifttum seien einige verwandte Untcrsuchungcn ge- 
nannt, obwohl Versuchsbedingungen und -metliodik eincn kri- 
tischen Vergleich nicht zulassen. 

Pellmont, 1942, land in Schiessversucben nach 0 mg Pervitin bei 10 Yp. 
eine Steigerung nm 4 % iiber den Wert der Leerlal)lettcnserie (Zelmer- 
scheiben auf 9 m Distanz; Armeekarabiner mil Lienliard-Einsatz; 5 
Schusse in liegender Stellung). Zur Ermiidung liatten die Leute cin liarles, 
vielseitiges Mehrkampflraining zu besteben. Das JIaterial isl niclit in Grup- 
pen aufgeteilt worden. Die Versuclisbedingungen waren also derart, dass 
ein Vergleich mit den bier vorgeleglen Untersuchungen nicht angangig ist. 

f 

Zusammenfassung von Kap. III. 

Es wurde die \Virkung untersucht, die cine Dosis von 20 mg 
Benzedrin auf die Treffsicherheit von Sciiiilzen ausiibt, die in zwoi 
Nachten und an dem dazwischenliegenden Tage durcli militarische 
Ubungen ermiidet waren. Es kann nicht ausgeschlosscn werden, 
dass Benzedrin die Treffsicherheit guter Schiitzen herabgesetzi liat. 
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Zusamtnenfassung. . 

Die Wirkungen von Benzedrin und Pervitin auf die pliysische 
nnd psychische Leistungsfahigkeit sind in Versuchen an etwa 1400 
jungen, gesunden, hochgradig ermiideten Versuchspersonen, die in 
bis zu 3-tagigen Dbungen ohne Schlaf ermiidet worden waren, stu- 
diert worden. Die Ergebnisse sind in den Zusammenfassungen der 
einzelnen Kapitel vorgelegt: 

I. Die Einwirkung von Benzediin und Pervitin auf die korper- 
licbe Leistungsfahigkeit. 

II. Die Einwirkung von Benzedrin und Pervitin auf die 
psychische Leistungsfahigkeit (Bourdontests, Rechenaufgaben). 
Ein Beitrag zur Frage der Bedeutung des Errnudungsgrades (und 
des Tagesrhytmus) fiir die Wirkung (Dosierung) des Benzedrins. 

III. Die Einwirkung von Benzedrin auf die Treffsicherheit er- 
mudeter Schiltzen beim Scheibenschiessen. 
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Serumcholinesterase in disease.^ 

By 

MOGENS FABER. 

(SubniiUcd for pviblicalion November 27, 1!>12). 


Choline esterase is an enzyme capable of accelerating the hydro- 
lytic cleavage of choline esters, and then especially of acetylcholine 
as the only ester \Yhich occurs physiologically. 

The presence of choline esterase was first dcmonslraled in the 
musculature of the heart byLocAvi and Navratil during their investi- 
gations on the vagus action. It has later been found in all tissues 
of the organism, though the concentration in ncivc tissue is con- 
siderably higher than in other places, just as one would expect from 
what is knoAATi regarding the physiology of acetylcholine and its 
significance for the transmission of nervous effects. 

Owing to the central position which choline esterase thus occu- 
pies in the normal function of the organism, it i.s natural that clini- 
cians Avould soon turn their attention tov'ards this enzyme. After 
Galehr and Platlner in 1928 had shown that normaUblood always 
contains choline esterase, both in the plasma and in tlic red Mood 
corpuscles, interest AA^as aroused in the tjueslion of this esterase in 
connection Avith pathological conditions. At first, special allen- 
tion Avas given to myasthenia gravis since Walker had introduced a 
treatment of this disease Avitli physosligminc Avhich is a .specific 
inhibitor of choline esterase; myasthenia graAus Avas investigated ])y 
Stedmanan d later by Hicks and Me Kay. More recently, liowcver, 

1 Aided by a grant from Nordisk Insiilhifond. 
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attention has also been directed towards the conditions in normal 
sul)jects and in patients with other diseases. 

With regard to the normal values of serum choline esterase, 
quite extensive investigations have been reported from various 
sources. A comparison of results is difficult because of the different 
methods and units employed \ but almost all of them clearly indi- 
cate that one must expect uide variations from individual to indi- 
vidual. 


Thus Ammon and Voss found in 9 normals that the choline 
esterase varied hetwcen 46 and 33 units. Vahlquist found the 
variation a little larger, between 25.8 and 51.1 units with a mean of 
36, and Jellinek and Looney, using Ammon’s technique in 20 cases, 
found a range between 35 and 136 with a mean of 76 units. Con- 
siderably less variation w^as found by Abdon and Uvnas in 26 
males who gave a mean of 1.11 units, with extreme values of 0.93 
and 1.29 units. 

All authors found that the choline esterase of the individual 
remained very constant Avithin the same 24 horns, its variations 
not exceeding the experimental error, and independently of Avhether 
the sample was obtained during fasting or after a meal (Ammon 
and Voss, Hall and Lucas, Mahal). The variations were found to be 
larger, however, from day to day, and rather pronounced over a 
longer period of time (V^’ahlquist). 

The nmmal physiological processes are without influence on 
the serum choline esterase. Thus Hall and Lucas, on the basis 
of extensive data, found that it w^as not affected by work, fatigue or 
changes of diet. In w^omcn no change was found during menstrua- 
tion or pregnancy. In experiments on animals Mahal demonstrated 
that lack of sleep, or changes in the temperature of the environment 
did not affect the esterase value. He found no difference between 
the value of arterial and venous blood. At fasting up to 150 hours 
he found no clianges beyond a fall wiiicb, however, did not exceed 
the expecimental error; feeding with glucose caused no change of 
esterase activity. 

Examination of sera from patients suffering from various dis- 
eases showed a difference in the values for the choline esterase 
wiiich w^as still greater than that observed in normal individuals. 


1 In this review of the literature no attempt is made to convert the unUs 
employed in the different investigations into the unit adopted hy the pr 


autiior. 
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serumghounesteiiase in disease. 

Extensive data of this kind have been pul)Iished by Antopol and 
.-workers who examined 500 patients. Adopting a manometer 
technique which Nvas a modification of that of Ammon they found 
in normals an average of 67.6, with extremes of 44 and 80 units 
while their total mateiial showed extreme values of 8 and Ibd 
units. Of this material they laid particular stress on the values from 
35 cases of untreated thyrotoxicosis, nearly all of them lying above 
the upper limit for normals. They found approximately the same 
to be true qf the cases of untreated diabetes, at any rate in the more 
severe cases, while they occasionally found extremely low values 
in diseases of the liver, in anemia and in febrile states. A single 
case of nephrosis showed a high value, but inasmuch as thyroxin 
had been administered, the investigators did not feel that definite 
conclusions could be draw from this result. 

Vahlquist, who was particularly interested in the relationship 
between choline esterase and tributyrin esterase in serum, found 
that both enzymes exhibited parallel variations in a number of 
diseases. Thus the value for both were low in 5 cases of tubercular 
cachexia. In 7 patients vith endocrine complaints, more especially 
thyreotoxicosis, he found that the choline esterase did not varj’- 
from the normal. 

Me George, employing a titrimctric technique according to 
Stedman, found in 132 patients values ranging from 0.5 to 6.5 of his 
units. In practically all of the diseases investigated the values were 
scattered throughout the material, and, in contrast to Antopol and 
co-workers, Me George found a spreading of the thyrotoxicosex in- 
stead of a representation by high values only. In case of patients 
with hypertension and heart failure the values were also distributed 
throughout the material, and the same was found to be true in 3 
cases of myasthenia. By studying the serum choline esterase from 
day to day, Me George found large variations, which, however, 

always seemed to follow the changes in the clinical state of the 
patient. 

Milhorat who, employing a similar technique, examined 109 
sera found a range from 0.24 to 4.74 units. He was espeeially inter- 
es e in patients displaying low values, and found tliat these low 
vataes were aliyays due to debility caused by cancer. clironW 

thte r&”™or a\'”"' In => cases he studied 

patients for a longer period of time, finding that fluctuations 
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of the serum choline esterase in all essentials agreed with the clinical 
state of the patient. In one case of severe malnutrition the choline 
esterase value rose simultaneously wth an improvement of- the 
patient, accompanied by an increase in weight. As a point of special 
interest may be mentioned that the material included 6 cases of 
myasthenia gravis, blit here the valus for the serum choline esterase 
were found to be scattered among those representing other diseases. 
5 of Milhorat’s patients died; of these, 3 were studied until the end, 
towards the last shovdng falling values for the serum choline 
esterase. 

In an investigation of 270 cases Me Ardle found, in adults, a 
mean value of 78 and a range from 51 to 121 units, while for children 
the mean was 105 and the range from 71 to 166 units. In his patho- 
logical material he constantly found, like Me George, low values in 
case of liver diseases, so constantly that he was of the opinion that 
determinations of the choline esterase in serum might be adapted 
as a measure, of liver function. The very lowest values were in acute 
hepatitis when oedema occurred simultaneously, due to low serum 
albumin. Me Ardle was unable, however, to give any explanation 
of these low values. 

The conditions in anemia have been investigated, first of all, by 
Sabine who found reduced plasma choline esterase in all cases with 
less than 2.27 Mill, red blood corpuscles, or when the hematocrit 
value was below 25%. During treatment a pronounced rise in the 
plasma choline esterase was observed. In the cases of pernicious 
anemia on induced remission the values were found to be normal. 

In addition to these more extensive investigations the literature 
contains a number of papers primarily dealing with the diseases in 
which one would expect changes in the choline esterase, not only in 
serum, but more especially in other places. Here the interest has 
first of all been focused on myasthenia gravis and myotonia conge- 
nita. Knovung that it is possible, at least temporarily, to improve . 
the muscular function in myasthenia by means of pilocarpine, which 
specifically inhibits the choline esterase, it would seem natural to 
assume that an increased esterase activity will occur in this disease, 
at any rate in the muscle plates. It might therefore be expected 
that this increase would be reflected in the serum. The results of 
these investigations, however, do not carry much conviction. Thus 
Hicks and Me Kay found increased serum cholin esterase in 3 cases. 
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^vhile Stedman and co-wkers and Fielder found values lower 
than normal, and Ponclier and Wade, bke Mdkorat and INIc Gcoigc, 

found no deviations from the normal. 

In myotonia — a disease showing a reaction to , a numbei- of 
pharmacological substances which is directly opposite to that of 
myasthenia - one would expect to find low values. But here Loo, 
Poncher and Wade found no deviation of the values from the nor- 
mal. The only indication that the serum choline esterase level 
nevertheless is of some significance is an observation by Milhorat. 
He found that one of his patients, showing an especially low. value 
of serum choline esterase, just as in myotonia developed a local 
muscle contraction, lasting about 6 seconds, at the point where 
the muscle had been struck Avith a percussion hammer. Tavo other 
patients Avhose serum choline esterase Avas equall}’^ as Ioav did not 
present this phenomenon, hoAS'cver. 

Conditions in allergic diseases, especially asthma, have also 
attracted attention. In the more cxtensiA^e investigations, hOAA-CA'cr, 
nothing Avas discovered tliat deviated from the normal, though 
Albus in a case of allergy found a value Avhich Avas loAvcr tlian in 
his only control, and Vahlquist, in asthma, found walucs soihe- 
Avhat loAver than normal. 

In hemorrhages, v. Verebely, like Antopol and co-Avorkers, found 
a fall in the choline esterase, folloAA'ed by a rapid rise. A fall occurs 
after an operation, especially Avhen accompanied by cardiac and 
vascular complications. Loav choline esterase values arc also found 
in severe tuberculosis (Cattaneo, Scoz and Cattaneo) and in severe 
infections (Dikshit and Mahal). 

It Avill be seen from this revicAv of the literature that CA’cn though 

there are several points on Avhicli tlie majoril}'^ of authors agree 

like for example the A\ide variations among different individuals, 
and the low values in diseases of the liver, in anemia and in cacliec- 
tic states ^ it is nevertheless impossible on tlie basis of the review 
to form a picture of the sigificance of the serum clioline esterase, 
and of the conditions Avhich are determining for the amount of' 

therin “T' " '™''“ 

• tliese problems to a ncAv investigation. 
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Technique. 

The gasomelric technique employed differed but little from that 
■described by Ammon. ■ ' 

Warburg’s manometer apparatus was used, equipped witli reac- 
tion vessels, each with a side branch. In most of the experiments the 
'Volume was 17 ml, in some 32 ml. The temperature of the thermo- 
stat was 38°. 

The reagents included; Bicarbonate Ringer solution: Prepared 
from 100 ml of 0.9 % NaCl, 2 ml of 1.2 % KCl, 2 ml of 1.76 % CaCla 
•(hydrous) and 20 ml of 1.26 % Nal-ICOg. Substrate solution: 4 % 
acetylcholine chloride (Heyl & Co.) in bicarbonate Ringer solution. 
Enzyme solution: 1.25 % serum in bicarbonate Ringer solution. 

Procedure: Blood for the determinations received no addition, 
and no consideration was given to the meals of the subject; the samp- 
les were usually taken in the forenoon. After coagulation the serum 
was removed and stored in the refrigerator at -f 2°, at which tem- 
perature the esterase kept well, as showm by table 1. 

Table 1. 

Permanency of Serum Choline lislcrase at + 2° 

Days 0 1 2 3 5 7 14 22 35 

•Choline esterase units 57 57 58 57 57 58 58 57 56 

The 1.25 ”/o serum solution was prepared by transferring, with 
the aid of a micro-pipette according to Linderstrom-Lang and 
Holter, approximately 30 ml of serum to a Ringer solution which 
was measured by means of Krogh’s syringe, the latter being stan- 
•dardized against the micro-pipette so that the final concentration 
of the serum became 1.25 %. 2 ml of this solution were placed in the 
main body of the reaction vessel, with 7.5 ml of acetylcholine 
•chloride solution in the side branch. The vessels w^ere connected to 
the manometers, and a mixture of 5 % COg and 95 %N 2 was led 
through. The vessels ■were then placed in the thermostat where they 
were shaken 80 to 100 times per minute. 

The liquids were mixed 15 minutes later, and the readings be- 
gan after an additional 5 minutes, with one reading every 5 minutes 
up to 30 minutes. 2 ml of Ringer solution and 0.5 ml of acetyl- 
-choline chloride were introduced into the thermobarometer in order 



65 

' sERUMCnonNESTEEASE IN DISEASE. 

"“runTfor' Z " Xase is used the volume iu cmm of 

Cof:i« under these condUions is 
hour. The mean error of this determma ion 

spending to 2 %• 


The Author's Own Data. 

The material comprises about 500 determinations of serum 
choline esterase in 371 individuals. It includes both healthy subjects 
and hospitalized patients, and is distributed among o men, 



Cholinesterase units. 

The distribution of serumcholinestcrasc in 371 investigated sera. 


Fig. 1. 


women and 31 children, of which -19 are newborn. The distribu- 
tion of the vakes is shown in fig. 1, with 14 units as tlie lowest, 24 1 
units as the highest value, and a mean of 97 units. The material, 
though, is somewhat displaced in favour of the lower values, since 
the last 200 determinations are selected wth a view of obtaining as 
many low values as possible. 

Normal Individuals. ' ’ - 

For the purpose of elucidating conditions in normals, a material 
of 48 determinations has been collected, comprising 26 men and 
S — Ada med. scandinav. Vol. CXIV. 
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24 women (the first classes in table 4). Like earlier investigators, 
the present author finds a rather considerable range of values, the 
extremes being 57 and 184 units, with a mean of 104. To this should 
be added the investigations on the placental blood which show a 
mean of 77, with extreme values of 58 and 115 units. 

Wliile there is thus a considerable variation among the diffe- 
rent sera, the individual shows no variation during a 24 hour period, 
as will be seen from table 2. Over a longer period, however, distinct 
variations are found, as shown in table 3. 

Table 2. 

Diurnal Fluctuations of Scrum Cholin Esterase. 


Test No 1 2 3 4 5 

Fasting 43 86 75 99 123 

12 noon 48 86 74 103 122 


3 p. m 45 83 

Table 3. 

The Fluctuations of the Choline Esterase over a Longer Period of Time. 


No. 1. Date 19. VI3.VII 5.VII 8.V1I 22.VII 

Choline esterase 73 80 62 04 43 

No. 2. Date 16.1 26.1 5.II 19. II 26. II 22.III 18.III 

Choline esterase 32 40 49 54 57 77 91 

No. 3. Date 5.1 9.1 15.1 19.1 24.1 26.1 29.1 

Choline esterase 155 121 89 99 106 86 106 

5.II 

111 


Pathological Cmscs. 

As expected, a substantially larger variation is found in the 
pathological material than in the normal, a variation which is 
marked by the presence of some especially low values and others 
which are rather high. The extremes are 14 and 241, with a mean 
of 97 units. The complete material is recorded in table 4, arranged 
according to the chief diagnoses. 

The combined material shows no demonstrable difference be- 
tween tlie values for the two sexes, the mean being 95 for men, 
with a standard deviation of 36.6, and for women 87 with a standard 
deviation of 34.1 units. In case of normals, however, the values 
for the men seem to be somewhat higher (117 units) than those for 
the women (87 units), but the difference is not statistically valid 
because of the relatively small scope of the material. 
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In contrast to ^yhat is otherwse found in more extensive inve- 
stigations on serum choline esterase, the author s data seem to 
show some difference between the values for the vaiious age-classes. 
According to table 5 somewhat higher values are found, as mean 
and maximum, in the individuals above 75 years of age, while the 
values are found to be alike in the younger year-classes. A devia- 
tion is encountered, however, since both the mean and the upper 
extreme for the placental blood definitely show lower values in 
comparison with the values for adults. A similar observation was 
made by Ammon and Voss and by v. Verebely, the latter adding, 
however, that he always found lower values in the child than in the 
mother. 


Table 4. 


The Distribution of the Serum Choline Esterase in the Collected Material. 


^ Normal men 


Normal vomen 


Newborn 

Diseases of the heart: 

Hypertens. art 

Degeneratio myoc. 

Arteriosclerosis 

Mb. cordis, comp. 

Mb. cordis, in comp. . . , 

Phlebitis 

Diseases of the lung: 

Pneumonia 

Pleuritis 

Asthma branch 

Bronch. chron 

Other lung diseases 
.Diseases of the stomach 
uGastritis and ulcus 
jColitis + ulcerous colitis 
jother stomach diseases . 
Diseases of the liver: 

Hepatitis ac 

Hepatitis chron. ' 


150 149 146 145 142 140 139 136 131 130 128 
123 120 117 116 115 111 loi 93 90 90 88 
86 84 77 65 

184 133 129 122 113 110 95 88 84 81 80 

77. 77 76 76 75 75 75 70 70 65 58 

57 

115 105 97 90 90 85 81 78 77 75 71 

70 68 67 67 65 64 62 59 58 

242 201 169 143 122 104 91 83 

196 160 146 139 134 126 126 123 122 118 118 

114 114 111 110 105 102 91 89 

146 145 123 122 121 111 101 100 94 78 62 

57 56 

104 80 74 72 68 

107 102 89 53 50 30 20 

102 85 32 


92 89 88 86 85 77 51 46 42 
128 ,96 84 76 
102 97 72 
112 68 62 
163 115 71 


139 113 108 91 90 
167 119 111 85 25 

140 114 102 79 78 


85 77/ 70 69 65 57 
69 34 


61 56 50 47 43 41 
92 67 70 50 
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Cholelithiasis 167 157 147 111 96 87 75 

Other liver diseases 51 14 

Diseases of the blood; 

Anemia pern 121 120 107 105 88 70 

Anemia simplex . : 100 88 36 

Hemorrhagic diatesis 133 120 116 73 

Diseases of endocrine glands: 

Diabetes mellitus 166 156 155 133 129 111 105 102 

Adipositas 134 93 88 

Graves’ disease 120 

•Myoxoedema 120 67 

Diseases of the joints: 

Polyarthritis 143 139 129 104 96 86 86 63 60 

Other dis. of the joints .. 168 145 124 111 110 101 95 86 75, 59 58 

Diseases of the kidneys: 

Nephritis 137 128 120 89 72 

Nephrosis 186 100 

Nephrosclerosis 128 104 90 83 

Other dis. of the kidneys . . 145 141 115 98 74 64 

Uremia 56 53 49 32 

Diseases of the nervous system: 

Myotonia atrophica 120 95 

Amyotonia congenita 125 

Amyotrophic lateral sclerosis 118 107 54 

Progressive muscular 

dystrophy 115 91 

Hemiparesis 188 132 

Cerebral hemorrhage 144 139 124 100 100 91 85 85 81 78 38 

Other nervous diseases; . . 176 168 127 124 122 96 90 89 77 

Mb. mentalis 129 118 107 

Cancer, independent of loca- 
lization 99 85 82 81 78 71 63 61 57 47 44 

43 33 

Other diagnoses 134 133 120 115 115 114 112 98 93 88 87 

75 74 68 

Table 5. 

The Relationship Between Age and Serum Choine Esterase Expressed in 
Percentage of Total Material. 

Choline esterase units 

0—50 50—100 100—150 150—200 Above 200 

Q__ 1 0 6 0.6 0 0 

1 - 24 !' 0 5 7 0.3 0 

25—49 1-6 13.3 9 0.6 0 

^0—74 4.3 15.9 15.9 2.3 0 

Above 75 1 5.3 9.3-2 0.6 
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The Connection Beiwccn Diseases and Scrum Choline Esterase. 


While the values for the serum choline esterase in most of the 
diseases are scattered throughout the material, we nevertheless find 
some diseases which show a definitite trend towards values lower 
than normal, or at any rate values which fall below the mean. Thus, 
as a rule, we find much reduced values in case of liver diseases. The 
6 cases of acute hepatitis included in this material give yalues 
between 30 and 61 units. An isolated case of comaliepalicum, 
presumably due to numerous liver nielastascs from mammary can- 
cer, shows the lowest value in the whole material, viz., 14 units. 
The values in liver cirrhosis are somewhat higher than in acute he- 
patitis, 5 of the cases examined giving values between 92 and 47 
units, but all of them below the mean value. In contrast to this 
we find that the values in the 7 cases of cholelithiasis lie rather 
above the mean. These findings correspond to earlier results, ob- 
tained by Antopol and co-workers and by Me Ardle. 

Low values, but not so definitely low as in flic diseases of the 
liver, are found in anemia, especially where tlie anemia is inconi- 
pensated, as is the case in pernicious anemia in recession; Reduced 
values are also found after acute hemorrhages; Thus 7 cases of 
posthemorrhagic anemia, most of them due to hemorrhages in the 
gastrointestinal tract, give values ranging from 57 to 113 units. 


so that the reduction here is not so pronounced as in the more 
chronic anemias. 

In cancer the values are in most cases found to be strongly 
reduced. Thus between 99 and 33 units arc found in 13. patients, 
with a trend towards especially low values when hemorrhage or 
anemia occurs simultaneously, 4 patients within this category 
shoving values between 33 and 71 units. Metastases in the liver 
undoubtedly occurred in several of these cases, though no symptoms 
thereof were found in any of them. 


Values of 30, 50 and 53 units are found in 3 cases of very severe 
heart failure vith oedema and ascites, one of them, at any rate, also 
showing liver damage. 


In more severe infectious diseases we also find a trend toward 

92Tnr37^'’ ^ pneumonia the values lie betweei 

, . ■ ” pleuntis, however, no reduction is found 4 case 

showng values between 128 and 76 units. 
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Especially low values can be found in kidney diseases v-itli 
reduced kidney function. In the 13 cases examined, values between 

137 and 32 units are found. Of these, the lowest values are in 4 
cases of uremia. 

The findings may be summarized as follows: The serum choline 
esterase is found to be reduced or low in diseases of the liver paren- 
chyma, as well as in diseases which essentially affect the general 
condition, especially diseases which are accompanied also by 
anorexia. 

^^^ale the author s results and those of the earlier literature 
thus are found to be in good agreement with respect to the low 
values, the same is not entirely true as far as the higher values 
are concerned. Here the author’s data show an absolute predomi- 
nance of arteriosclerotic heart disease and hypertension, a circum- 
stance which presumably is responsible for the higher values which 
the author finds in the individuals older than 75. The explanation 
may be that some of the present data have been obtained at a home 
for the aged, so that it includes a relatively large number of hyper- 
tensive patients who are otherwise well. 

The present data throw no light on the high values in thyrotoxi- 
cosis, described by Antopol, since the only patient with Graves’ 
disease shows 120 units, thus normal value. In 2 cases of myx- 
oedema the conditions arc found to be entirely nor-mal. Like Antopol, 
the author finds high values in cases of diabetes, in the present 
material ranging from 166 to 102 units. 

The 2 cases of myotonia investigated both show normal values. 
No case of myasthenia is included in the material. 

The conclusion must then be that the serum choline esterase 
shows a very wide range of the values, both in case of healthy and 
diseased individuals, apparently governed by no special rule. Two 
groups, however, can be picked among the patients. One group with 
low values comprises patients suffering from diseases of the liver 
and a number of diseases accompanied bya poor general condition of 
the patient. The other group shows high values and comprises first 
of all patients with hj'pertension, but also diabetics. It should be 
possible on this basis to arrive at a better understanding of the 
large differences which are found among the individuals examined. 
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Summary, 

On the basis of the literature and the author’s own investigations 
comprising more than 400 individuals a description is given of the 
fluctuations of serum choline esterase under normal and under 
pathological conditions. It is pointed out that the spreading is large 
in case of normals, and even more pronounced in the pathological 
material. The pathological cases are discussed, with special men- 
tion of the low values. These low yalues are in particular foun d in 
patients s ufferin g from diseases rf the liver, a nemia , c ancer a nd 
malnutrition. Simple investigations on the choline esterase will 
hardly lead to new results, hut the diseases mentioned may per- 
haps prove useful in finding a common factor for the enzyme varia- 
tions. 
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Professor Dr. phil K. Linderstrom-Lang. 


The relationship between serum choline esterase 
and serum albumin." 

By 

MO GENS FABER. 

(Submitted for publication November 27, 1942). 


In an earlier -papei (Faber) it was showm how the serum choline 
esterase activity varied strongly from individual to individual, even 
in normals, and how, in a number of diseases, there was a pronounc- 
ed tendency for the esterase value to adjust itself at a level which 
might be considered characteristic -for the disease in question. It 
is now natural to ask whether it is possible to give any reasons for 
this variation under both normal and diseased conditions. 

' A closer examination of the cases which exhibited low values 
of the serum choline esterase — patients with damaged liver, 
severe anemia, cancer, or severe heart failure — gave as the sole 
phenomenon in common that in all these cases a serum albumin 
concentration could be expected which was lower than normal. 

Thus it is very well known that liver cirrhosis is accompanied 
by reduced albumin in serum — as stated by Snell and co-workers, 
Myers and Keefer, Salvesen, and Foley and co-workers. The 
reduction is especially pronounced in the more severe cases with 
ascites. The albumin content of serum also shows a fall in other 
diseases of the liver, where the liver parenchyma is damaged. 
It can be especially pronounced in hepatitis, where, in severe cases, 
oedema may be observed due to the low concentration of serum 

^ Aided by a grant from Nordisk Insulin Fond. 
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lion. With this in mind the present author conducted a series of 
experiments to determine the Ijchavior of the choline esterase 
during the fractionated precipitation of the serum proteins bv 
means ol ammonium sulphate. 

One of these experiments is recorded in fig. 1. It is here seen 
Jiow tlie choline esterase is not precipitated with the globulin fac- 
tion, practically' all of it still being in solution at the point of half- 

% protein 
precipitated 



The upper cur%'c shows tlic salting out of the choline esterase with (NHP., SO^. 
The lower curve shows llie simultaneous salting out of the serum proteins. 


Fig. 1. 


saturation, thereupon being rapidly precipitated at increasing 
addition of salt. It seems, however, that a relatively large amount is 
left, corresponding to the albumin fractions which are the most 
difficult to precipitate. 

With some slight modification the method of Henriques and 
IClausen was used in the. determination of the serum proteins. A 
semi-micromethod was adopted, incorporating a micro-Kjeldahl 
determination which required only 1 mg N instead of the approxi- 
mately 5 mg necessary in the original method. For details, see 
Henriques and Klausen. 




THE REEATIONSHIP BETWEEN SEBUM CirOEINE ESTEBASE ETC. 75 

The protein was estimated as N multiplied hy 6,25, the nitrogen 

having been determined according to t he method of A. C. Andersen 

and Norman Jensen. For details, see paper hy these authors. 

In all instances double analyses were made, and it was required 

that each pair of results, expressed as percentage of protein in 

serum, should not differ more than 0.15 % from one another. When 

Total Serum 
protein % 
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esterase content of the serum is low when the albumin is low, and, 
in nearly all cases, that it is high when the serum albumin content 
is higln Wc iritis find a rising choline esterase concentration with a 
rising albumin concentration in scrum. Unfortunately, the material 
does not include patients with extremely reduced serum albumin 
without albuminuria occurring at the same time, the lowest value 
in the material being 2.10 %. It is therefore impossible lo slate 
how the serum choline esterase will behave under these circumstan- 
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•CCS, and a complete curve cannot be diawn on tl.ie liasis of the 
available material. Moreover, tlie difficulty of obtaining such a 
cuiTC is increased by the quite considerable spreading of the results. 
A calculation has therefore been made of the simplest cuiye that 
may be drawn among the available points in such a way that it 
gives to each point the smallest possible deviation from the mean. 
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Allmniin 
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' stances but one these values are located close to the representative 
curve, the average line, in fig. 4. 

Though the majority of all values in fig. 4 are located close to 
this average line, there are some deviations which occasionally 
are quite large, and it should be of interest to find an explanation 
of these deviating values. An arbitrary limit of 0.5 % has therefore 
been fixed, and two lines drawn parallel to the average line, so that 
all points within these limits represent a variation in serum albumin 
of not more than ± 0.5 %. The values from 88 of the cases are 
found within these limits, while 21 values lie without. The jour- 
nals of the cases where the values fall outside the limits have been 
carefully studied vdth a view of finding a correlation between the 
nature of the variation and the clinical findings. 

It is then found that of the 13 determinations which lie above 
the upper limit, 9 represent patients in a state of clinical improve- 
ment. This means that the patients either show increase in 
weight, rising hemoglobin percentage in anemia, or falling icterus 
index in diseases of the liver. Only 1 of the 13 patients is in a 
declining state of health, the remaining 3 are chnically at rest, 
without improvement or aggravation. The opposite is found to 
be true of the 8 patients represented by points below the lower 
limit, 6 of them being in a state of declining health, 2 of them 
at rest, and none in a state of improvement. 

These findings show that the wide spreading in fig. 4 is not a 
random one. Values above the upper limit are those of patients 
who are plainly getting well, and presumably for this reason show 
an increase in serum albumin concentration which is found to be 
relatively larger than the increase in serum choline esterase con- 
centration, The result is therefore a displacement of the equili- 
brium ratio between albumin and choline esterase in serum in 
favour of the albumin. In contrast to these values, those below the 
lower limit represent patients in a state of declining health, as a rule 
because the disease is in its first stage. On this account the values 
for the serum albumin are decreasing, while the simultaneous fall 
in serum choline esterase values proceeds at a slower rate. The 
result is that the equilibrium ratio is displaced in favour of the 
choline esterase. It thus seems that the serum choline esterase does 
not always run parallel to the serum albumin, but that the choline 
esterase will lag behind when the variations are rapid. 
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The correlation established here by an analysis of a number of 
individual determinations is also found in repeated examinations 
of the same patient. Case 1 is illustrative of patients m whom 
there is no change of the serum albumin, tvlilcli, as will be mention 
later, must be supposed to be the primary factor in tins lelatioii- 


All graphs accompanying the cases in the present paper show 
not only the variations in serum choline esterase and serum albu- 
min, but also the deviations from the aveiage line in fig. 4. These 
deviations are recorded at the top of the figure and expressed in 
percentage of serum albumin. 


Case 1. 

A man aged 59 years. 

Diagnosis: Cancer ventriculi. 

From the journal; Earlier history of good health. Ill 2 months with 
epigastric pain; no vomiting or melaena. The patient had lost 7 — S kg in 
weight during the last year. 

Examination upon admission showed nothing except anemia. 

Weight 60.5 kg. Hemoglobin percentage 52. Feces + blood reaction 
during entire stay in hospital. 

While in hospital the patient suffered from continued oppression of the 
epigastrium with nausea and vomiting. He gained 0.6 kg, however, and 
Hb rose to 75 %; otherwise no change. Discharged on continued ambula- 
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lory Irealmenl, bul admitted once more on account, of hematemesis and 
died 8. 1. 1940. 

- Determinations of the protein and choline esterase of this patient are 
recorded in fig. 5. 

Comment: A patient whose condition "during the period of exa- 
mination was changed but slightly showed no substantial changes 
in the albumin concentration nor in the concentration of serum 
choline esterase.. 

Conditions in patients who are in a state of improvement are 
seen from the following two cases: 

Case 2. 

A woman aged GO years. 

Diagnosis: Phlebitis exlr. inf. dext. Infarctus pulm. Colipyuria. 

From the journal: Became ill 2 weeks before admission, with pain, 
reddening and swelling of the right leg. Typical phlebitis of the right leg 
with oedema and soreness was found at the time of admission. The exami- 
nation showed nothing abnormal except extra systoles. Sedimentation 
reaction, 30. XII, 9 mm, 15. 1, 15 mm. 

During hospitalization conditions improved. 
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Reddening and oedema of left leg were discovered on 12. I. On 22. I 
slie had an attack of right-handed infarction of the lung. The temperature 
dropped slowly and was not normal until 23. II. The oedema and soreness 
diminished gradually. On 24, II there was still 1 — 1.5 cm swelling of the 
right leg. There were no longer symptoms of phlebitis. 

Determinations of the protein and choline esterase of this patient are 
recorded in fig. 6. 

Comment: We have here a patient whose serum choline esterase 
activity, dming an acute febrile disease and presumably before 
admission, had dropped below the usual level. In the hospital 
she was obseiwed during the period of improvement. In this period 
there was a constant increase in the concentrations of both serum 
albumin and serum choline esterase. During the increase these 
values were found to be located rather close to the average line of 
fig. 4. 

Case 3. 

A woman aged 63 years. 

Diagnosis: Acute hepatitis. 

From the journal: The present disease began about 1 monlli before 
admission with leftsided abdominal patns. The patient was tired, with 

Deviation from 
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loss in weight and poor appetite. The temperature was about 38°. Icterus 
was observed, feces were light and the urine dark. Nothing except icterus 
was found at the time of admission. 

Hemoglobin percentage 95. Icterus index 135. Weight 58.5 kg. 

Steady improvement during slay in hospital. Icterus decreased, feces 
coloured after 1 week. In 3 weeks the icterus index was 45, the liver could 
be felt a couple of centimeters below the curvature. In 5 weeks from admis- 
sion the icterus index had dropped to 21. 

Determinations of the protein and choline esterase of this patient are 
recorded in fig. 7. 

Comment: During the recovery from an acute hepatitis a 
steady rise was observed in the concentrations of both serum 
albumin and serum choline esterase. This rise, however, was 
considerably more rapid in case of the albumin than in case of 
the esterase. The ratio between the two therefore increased 
substantially more than onewould expect from the average 
line in fig. 4. At the last determination, though, there seemed to 
be a teivdency towards a reduction in the predominance of the 
albumin rise. 


base 4 ‘ 

A \voman of 54 years. 

Diagnosis: Morbus cordis mitralis. Insuff. cordis. Ascites, 

From the journal: In 1939 the patient was at home with febrile bron- 
chitis. In September 1939 admitted to hospital on account of stenosis et 
insufficiensia mif rails. Admitted once more in January 1940 with the same 
ailment plus ascites. Discliarged after having lost 6 kg in weight. Admitted 
once more 15. III. 1940. Had been completely unable to work at home. 
The last 2 days before admission the temperature was 40° with some 
expectorate. 

■ At the time of admission orthopnoeic with light cyanosis. Stasis 
of the lungs and ascites were observed, and the liver extended below 
the curvature. The temperature dropped during the first days and the 
patient felt better. On 28. Ill' the temperature rose again, and there 
was ample frothing expectorate as in oedema of the lungs. During the 
time following the condition grew worse, the oedema increased. The 
cyanosis %yas almost universal on 26. IV. Strong nausea and vomiting 
set in, so that the treatment had to be suspended; death occurred on 
12. V. 

Determinations of the protein and choline e.^terase of this patient are 
recorded in fig. 8. 
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Fig. 8. . 


Comment: This patient, who was, admitted with heart failure, 
was studied almost until time of death. At first there was some 
slight improvement. During this time there was no change in the 
concentrations of serum albumin or scrum choline esterase. Then 
conditions were aggravated, and during the whole of the ensuing 
period there was a stead}^ falling off of the concentrations of both 
serum albumin and serum choline esterase. In the former, however, 
the fall was substantially more rapid than in the latter, to that the 
ratio between the two concentrations was seen to fall more rapidly 
than one would expect from the average line in fig. 4. 

As the last case vrill be described that of a patient who, during 
the period of observation, showed both improvement and aggrava- 
tion, v,ith resulting variations of the concentrations of serum albu- 
min and serum choline esterase. 
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Case 5 . 

A woman of 77 years. 

Diagnosis: Degeneratio myocardii. Insuff. cordis. Diabetes mellitus. 

From the journal: In later years the patient was dyspnoeic, but this 
condition had not been a real inconvenience until the last 6 months. Steno- 
cardic attack occurred about 1 month before admission, with several 
attacks during the last 2 weeks. Diabetic for 7 years, treated on diet and 
insulin. 

Physical examination showed nothing of interest. 

Hemoglobin percentage 95. Urine + S. 

The health was good during the first few days, then followed several 
days with repeated stenocardic attacks, no action of nitroglycerin. Attacks 
of cardial asthma occurred on one occasion. The next few da 5 "s the patient 
W'as somewhat dj’^spnoeic, with slight crural oedema. On 24. 1 again feeling 
poorer vdth precordial oppression, appearing quite tormented and dysp- 
noeic. Oedema rather spreading to femur. When weighed on 6. II for the 
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second time since admission the patient had gained 14 kg. Ascites was 
now found, in addition to the exlremetj^ oedema. During the following 
lime the oedema decreased somewhat, and the patient was discharged 

according to own wish. , . , . , 

Determinations of protein and choline esterase of this patient are 

recorded in fig. 9. 


Comment: This patient was admitted to the hospital with acute 
aggravation of heart disease complicated by diabetes. Immediately 
upon admission there occurred a violent drop of the serum protein, 
affecting only the albumin fiaction. The drop was accompanied by 
a slower fall of the serum choline esterase. Then an improvement 
set in, reflected in the rising concentrations of serum albumin and 
serum choline esterase. The improvement was interrupted, however, 
during the acute heart attack on 24. I when there occurred a 
renewed fall in the concentrations of the serum albumin and the 
serum choline esterase. Then followed a continuous rise of the serum 
albumin concentration, as an expression of the improved condition 
of the patient, but the rise in the concentration of choline esterase 
w'as not quite of the same magnitude. Fig. 9 shows these variations 
of the ratio between albumin and choline esterase relative to the 
average line. \\Ten a fall is observed in the concentrations of albu- 
min and choline esterase, the albumin is found 1o change more 
rapidly, so that the points representing the albumin/choline 
esterase ratio will recede from the average line. When the albumin 
concentration rises, however, these points will approach the average 
line and finally fall within the 0.5 % albumin limit. 


These cases show how conditions vary in the individual patient. 
Ihe results also sliow that the conclusions which may.be dravm 
from single examinations of many patients may be freely applied to 

the conditions as we find them in repeated examinations of a single 
individual. 

It must therefore be considered certain that serum will contain 
an amount of choline esterase which in its relationship to the 
serum albumin will follow the rules established here, so that in most 
cases It wall be possible, on the basis of the serum albumin determi- 
nation to estimate how much serum choline esterase there is in a 
gi\ en blood sample. 
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NjThe Formation of the Serum Choline Esterase. 

On the basis of these observations it should be possible to pre- 
sent an explanation of how serum choline esterase varies, and, at the 
same time to sugge.st its place of origin. 

It is demonstrated that there exists a definite relation between 
serum choline esterase and serum albumin, and several explanations 
may be advanced to account for this phenomenon. 

Thus it might be imagined that the choline esterase in serum 
always is bound to the serum albumin, in common with what is 
found in case of several low-molecular substances, as especially em- 
phasized by Bennhold in regard to bile pigments for example, which 
are always bound to the serum albumin. This binding, however, 
differs in several respects from what is observed in case of the choline 
esterase. Thus there is no constant ratio between the bile pigment 
and the albumin in serum, since the amount of bile pigment which is 
bound solely depends on the amount of bile pigment present in^ 
serum and not on the amount of albumin, and since all bile pigment 
is bound to the serum albumin. Moreover, Vahlquist’s experiments 
on the migration in an electrical field are in direct contradiction to 
this assumption, since he finds that the choline esterase migrates 
independently of the other proteins, in contrast to the bile pigments 
which in cataphoresis experiments migrate with the albumin. 

Since botli choline esterase and albumin must have a cellular 
origin, this origin might possibly be in the same organ. Nothing 
in the present data indicates that the two substances should have 
their origin in different organs. If that were so, diseases which at- 
tacked only one of these organs would produce a characteristic 
change in the equilibrium ratio between the two substances in serum. 

Thus there is nothing to contradict that both the choline este- 
rase and the albumin have their origin in the same organ. If, from 
the cells where the albumin is formed, there occurred, simultane- 
ously with the secretion of albumin, a slight loss of choline esterase 
in an amount dependent on the amount of albumin liberated 
one might almost speak of a leakage of choline esterase along with 
the albumin secreted — then an equilibrium ratio between the two 
substances would be established in serum. Plotting this ratio it 
would be expected, at varying amounts of choline esterase in the 
serum, that the points would be grouped around a straight line 
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through the zero point. This is not found to be the case, however, 
since the line we arrived at in fig. 4 docs not point towards zero, 
hut it may be presumed that this line represents a portion of a 
complete curve which may then pass through the zero point. Espe- 
dally at higher values, this cun^e shows a considerable displace- 
ment in favour of the choline esterase. This displacement must pre- 
sumably be explained on the basis of the stability conditions in 
serum. The serum albumin seems constantly to be formed and 


again broken down, as shown Schoenheimer, Ratner and Rittcn- 
b'erg, and under other conditions by Whipple and co-workers. The 
stability of choline esterase in serum is not known, but it seems to 
be quite considerable, at any rate in most cases. When the choline 
esterase is secreted into the serum togclhcr with the albumin, from 
the same cells and presumably in a ratlicr constant ratio, the two 


substances will adjust themselves naturally to an albumin/cn/.ymc 
ratio which, owing to the higher stability of esterase, will follow 
the rules mentioned almve. 

Wien a patient is in a state of recovery, and for that reason 
the albumin formation vill he dominating in compaiison with the 
simultaneous breakdown, we will in some cases find a displacement 
of the ratio between albumin and esterase, in favour of the alliu- 
min. Because of the higher stability of the enzyme in scrum there 
will be found relatively more choline esterase in the scrum than in 
the mixture which is secreted from the place of formation. The 
result is that at first, when there occurs an increased formation of 
both albumin and choline esterase, there will be a rise in the albu- 
min values, receding from the average line, followed by a slower rise 
in the esterase values. This rise will not reach its maximum until 
the albumin rise is diminishing, and not until then will there deve- 
lop a new state of equilibrium with values close to the average line. 

Ihe opposite will be true when there occurs a rajiid drop in the 
albumin concentration, so that in this case wc shall find a variation 
below the average line. 




The Origin of the Serum Choline Esterase, 
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a low level of he serum choline esterase, it is tempting to siiaaest 
the liver as the organ in question. 

This idea is also supported by the experiences gained with re- 
spect to reduced serum albumin in diseases Avithout albuminuria 
and Avifchout nutritional disturbances. As mentioned, liver cirrho- 
sis is usually accompanied by reduced albumin, and the like is found 
to be true of most acute or chronical liver damages, especially in 
severe acute hepatitis Avhere the albumin concentration, as in one 
case cited by Me Ardle, may drop to 0.7 %. 

The idea is moreover supported by experimental investigations. 
Upon intoxication with phosphorus Henriques and Klausen found 
a pronounced drop in the alhundn concentration as an expression of 
the injury to the liver, and Knutti and co-workers found similar 
results on intoxication Avith carbon tetrachloride. 

It may thus be said that most facts indicate that the serum 
albumin is formed in the liver. In that case it foIloAvs that the serum 
choline esterase also must have its origin heie. As previously men- 
tioned, hoAA^ever, the circumstance that the formation of serum albu- 
min and serum choline esterase is reduced in diseases of the liver 
is not in itself sufficient to explain the variations found in serum 
choline esterase. 

It is therefore necessary to extend the investigations to include 
also a review of the conditions wdrich, in addition to diseases of the 
liver and kidney, may cause variations in the serum albumin. 

It has long been knowm that the so-called nutritional oedema 
in most cases is due to protein inanition AA'ith subsequent reduced 
formation of serum albumin (Peters and co-AAmrkers, Liu, Chu, 
Wang and Chung), This observation has been confirmed through 
the very beautiful experiments of Weech and co-AA'orkers, By 
keeping dogs on a diet deficient in proteins they AA'ere able to produce 
a fall in serum protein so that the dogs developed nutritional oedema 
in the course of about 100 days. They shoAA'’ed that the fall in serum 
protein solely involved a fall in the albumin fraction, AAdule the glo- 
bulin fraction remained unchanged . If noAV protein AA’as added to the 
diet, the serum albumin rose immediately. Weech shoAved moie- 
over, hoAv there aa^s, a pronounced difference in the ability of the 
different proteins to form serum protein. Practically the same re- 
sults AAmre obtained by Whipple and co-AAorkers in plasmapheresis 
experiments on dogs. 
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Since the serum albumin is so dependent on the diet, it woidtl 
be natural to expect the same to be true of the scrum choline este- 
rase, and this is actually found to be the case. As already mentioned, 
the author’s data fis well as the data of other investigators, show 
frequent examples of low values in patients with diseases associated 
with poor nutritional condition. The author’s material shows for 
example values which arc low in cancer, quite independently of 

Choline esterase 
units 
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formation of the serum albumin to give a rather exhaustive analysis 
of the conditions which we find in case of the serum choline esterase 
and especially of the variations shown by the- serum choline 
esterase in the single individual as well as from one individual to 
the other. 


Summary. 

It was shovm in a previous paper that low values for the serum 
choline esterase are found in a number of diseases which have in 
common that the serum albumin likewse is low. This observation, 
which is supported by the fact that the choline esterase in fractio- 
nation tests witli ammonium sulphate is precipitated along with the 
albumin fraction, is made the object of further investigation. It 
is demonstrated that in serum we find a simple correlation between 
these two substances, a correlation which is observed on examination 
of several patients as well as on examination of patients whose 
serum albumin concentration varies. The cause of this correla- 
tion is discussed. The most plausible explanation seems to be that 
albumin and choline esterase both are secreted into the s.erum from 
the same cells, and presumably in a fairly constant ratio. Since 
everything indicates that the serum albumin is formed in the liver, 
it follows that this organ must also be the origin for the serum 
choline esterase. It is shown that the protein content of the diet, 
wliich may produce variations in the serum albumin, also will cause 
corresponding changes in the serum choline esterase concentration. 
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Experience with intravenous heparin treatment 
by the veinseeker in the treatment and preven- 
tion of thrombosis and in treating endocarditis 

lenta. 

By 

W. J. KOLFF, Internist to the Municipal Hospital, Kampen. 
(Submitted for publication January 15, 1943.) 


It seems unnecessar)’’, in these Acta, to dwell upon the signi- 
ficance, the application and prospective possibilities of heparin 
in the combat of thrombosis, as Scandinavian workers, especially, 
have so much contributed to the isolation and the study of this 
substance [Jorpes, Crafoord, etc. (1. 2. 3. 4. 5. 6. 7. 9. 10. 16. 
25. 26. 27. 28. 29.)]. On the method of administration and the 
dosage, opinions are still divergent. 

Method of administration. 

Practically all of the Scandinavian authors carry out hepariniza- 
tion by means of 4 intravenous injections pro die. Thejr results, 
in general, are excellent, but Crafoord (5) and Hedenius (6) also 
saw failures, i.e. the development of thrombosis in spite of giving 
heparin. The latter, probably rightly, ascribed this to insufficient 
dosage. 

Gordon Murray (20. 21. 22. 23. 24), as well as the other Canadian 
and American workers (11.18.19), applies permanent hepariniza- 
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tion by means of intravenous drip infusion, by which tlie pa- 
tient’s clotting-time is maintained day and night at 15 — 20 
minutes. In his very large series no failures occur (24). 

The drawbacks of drip infusion, however, have withheld many 
people from the use of heparin, and we think to have succeeded 
in overcoming these difficulties in the following w^ay. 

The »veinseeker» (see fig. 1), described by Ronald Edw^ards, 
is filled wth a heparin solution and normal saline, the air being 
expelled by swinging. The vein is then punctured, with the rubber 
teat or tube just a little compressed. As soon as one has arrived 
within the vein, the blood becomes visible in the sight-glass. 
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Ronald Edwards’s »veinsecker». 

(Brilish Medical Journal, 957, 1939), 
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tlie bed or pillow by a very loose strap, as to remind the patient not 
to take too much movement, smaller movements being permitted. 
In our experience, the needle has never perforated the wall of the 
^ vein. Thus in the majority of cases it will hot be necessary to make 
use of a special needle, a needle wth bulb-stilette [W. J. Kolff 
(14)] a small troicart, or to introduce a rubber tube into the vein. 
It is neither necessary to expose the vein by dissection.. The arm 
must not lie too low, as this would cause leakage along the needle. 

We recently learned that Olovson has already designed a 
needle based on the same principle [Rosenquist (26)]. The sight 
glass in the veinseeker api)ears to me to be an advantage. 

Personal experience with heparin treatment. 

We have treated six patients vith heparin (13). We started 
with intravenous drip infusions, then tried multiple intravenous 
injections, and finally arrived at the use of the veinseeker. Five 
patients have been treated with this instrument, for periods of 
12 hours, 4 days, 4 days, 6 days and 8 days respectively. 

At post-mortem examination of a patient, who had retained 
the needle in his arm for 6 days, the vein was found completely 
intact, without any trace of thrombosis, the usefulness of the 
veinseeker being thus established. 

Only two patients have recovered: one puerpera, who had. 
thrombosis of her left leg with pulmonary embolism, who would 
have had a good chance of recovery even without heparin; and 
one patient suspect of thrombosis of the cavernous sinus.. None 
of the others belonged to the group of post-operative thrombosis, in 
W'^hich heparin treatment has its best prospects, but could all 
be considered beforehand as lost cases: one wth inveterate throm- 
bosis of the central vein of the retina, one with thrombosis of the 
cavernous sinus, two Avith endocarditis lenta, one with septic 
thrombosis of the jugular vein. We had, however, the opportunity 
of gathering some valuable evidence during the treatment. 

Undesirable reactions after heparin. 

The preparation used in recent times was a heparin concen- 
trate Promonta ()>trombo-vetren)>) which was tolerated by the 

1 The heparin was placed at our disposition by the Promonta Chemical 
Worhs. 
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patients wthout any disagreeable reaction. With an Ccyliei pre- 
paration Ave had anaphylactoid reactions with fever, just as have 
Len described by others Avith the use of the older preparations. 
At present reactions are no more, to be feared. 


Haemorrhage round embolic foci. 

There is very little fear of embolism after heparinization of 
patients Avith the common type of post-operative thrombosis. 
It is hardly eA’’er met Avith, and then only during the first hours 
of treatment. This is easily understood, as heparin docs not 
dissolve or attack an existing thrombus, but only prcA’cnts its furthei 
groAvth and embolism is exactly caused by the freshly accreted 
parts of thrombi. 

Things are otherwise, hoAvcA^cr, in endocarditis leiita. In an 
editorial article of the J. A. M. A. {1J6, 25, 1616, 1941) four fatal 
embolisms are described during heparin treatment of endocarditis 
lenta. Kelson and White (11) adAuse not to start heparin treatment 
till the blood-cultures have been rendered negative by chemo- 
therapy; but one of our patients with sepsis lenta died, after 8 days’ 
treatment, of a large haemorrhage round a cerebral embolus, 
confirmed at autopsy, although the temperature had ])ecomc 
normal and the blood-culturc ncgath'c. Nevertheless it’ is justi- 
fied to try heparin combined Avith chemotherapy in these patients 
in vieAv of the results claimed by Lichtman and Bierman (11.5 
pet recoA’^ery). (17). 

In a young adult AAoth thrombosis of the caA’^ernous sinus and 
staphylococcal sepsis, AAdio shoAvn at first distinct improA’Cinent 
of the local process, post mortem numerous large haemorrhages 
Avere found round pulmonary emboli. Bound fresh emboli, there- 
fore, severe haemorrhages actually may occur, at least in a patient 
with septic thromboflebitis. 


Heparin and infection. 

In the treatment of septic thrombosis and endocarditis lenta 
Avith the combination of heparin Avith a chemotherapeutic, the 
accre ion of the thrombus can be prevented by the heparin but 

rSr 0 01^1 T chemotLrap’eutic 

able to attack the causative organism. 



\V. J. KOLFF. 


«6 

One must, however, be aware of the possibility of heparin 
influencing the defence mechanism of the body unfavorably. It is a 
hnown fact, for instance, that heparin in high dilution links up 
with equal avidity with complement as with thrombin [Jorpes 
. (9)]. (Another substance inhibiting blood-clotting, liquoid Roche, 
even completely annihilates the bactericidal action of blood)'. 
Meyer, Friedman, Hamburger and Katz (19) observed acute 
glomerulonephritis in a patient with endocarditis lenta, treated 
by them with heparin without chemotherapy. They ascribe this 
accident to the flow of organism suddenly released from the throm- 
bus. 

Dosage. Latent heparinization. 

We were struck by the fact that the amount of heparin required 
for lengthening the clotting-time ^ to over 15 minutes, is much 
smaller in the patients Avith sepsis lenta (fig. 3 and 4) than in the 
•other patients. Perhaps this results from less extensive thrombosis 
and less pyrexia,^ In a patient Avith sepsis lenta 25 mg of heparin 
an hour were sufficient to keep the clotting-time permanently 
lengthened. In patients with septic thrombosis over 100 mg. 
an hour Avere required (fig. 5 and 6). Very probably the most 
economic way of administration is the drip infusion. With the 
veinseeker, the more frequent the injections, the smaller will be 
the required amount. We finally arrived at hourly doses. 

The injected heparin is partly eliminated by the urin [Avhich 
is confuted by Jacques (7 a)], partly linked up or otherAAUse inacti- 
vated. A feAv hours after an injection of heparin the clotting- 
time is normal again. 

After repeated injections the organism shows a certain wearing 
off of the capacity of linking up heparin. Jores and Detzel (8) 
could show this very distinctly in dogs and cats (fig. 7). 

Crafoord (5) had already observed, that after an operation more 
heparin Avas required than before, Avhich is ascribed to the thrombin 

1 The clotling-Ume Avas determined with a capillajy tube, llie blood 
being withdra’wn from a prick in the finger. A too narrow tube and oo 
small prick can result in a too short time-reading A number of control 
estimations made Avith a wider tube shoAved fair agreement. 

- One must keep in mind that heparin is very difficult to standardjzc, 
and that the activity is not always proportional to weight (persona 
communication of »Promonta»)- 
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Fig 3 and 4. Two patients with sepsis leuta, both treated with heparin" 
and chemotherapy. Fig. 3 with drip infusion, fig. 4 with veinscehcr. The 
cloning-times are plotted out as vertical lines, or as arrows when the times 
exceed 25 minutes. The amount of heparin injected in the corresponding 
hour is found vertically below. 


formed in the operation area. Personally tve saw in non-operative 
patients, that at the onset of treatment more heparin is necessary 
to lengthen the clotting-time than some time later (fig. 3 and 4).' Fig. 
5 also suggests a smaller amount to be required once the patient 
is heparinized. This is of practical importance. In order to get 
the patient duly heparinized, one must start wth large doses and 
continue with smaller ones. Thus a condition of »latent hepariniza- 
tion)) can be created, in which the clotting-time is normal 
or slightly raised, hut can be markedly lengthened by an additional 
small dose, that would be otherwise inactive. 

In the future I intend to proceed, by way of experiment, in 
such a way, that the patient is brought mainly in a state of latent 
heparinization, so that, after a higher initial dose, so little heparin 

is hourly injected, that 10 minutes after each injection the clotting- 

? — Acfa mcd. scandinav. YoL CXIV. • 
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time is just perceptibly lengthened. The excess ot thrombin round 
the thrombus can thus be continually ncutrahzed. 
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Fig. 7. Effect of 5 mg of heparin intravenously on a dog, .weighing 
10 kg, in pernocton anaesthesia. 

Between experiment 1. ( ) and 2. (. ) 40 mg ot heparin were 

given intravenously. 


Dosage scheme for heparin, 

Scandinavian dosage. 

4 intravenous injections a day, namely 3 of 50 mg and at 
night one of 100 mg for some 10 days. 

American dosage. 

Heparin by intravenous drip infusion, to be regulated , as to 
keep the clotting-time permanently at 15—20 minutes. This 
requires about 10 — ^20 mg heparin an hour, more at the onset. 
Duration; 4 — 6 days or more. 

Dosage by weinseeken. 

All injections are given into the rubber tube. Injections every 
hour, starting with 200 mg, later 100, 50 and finally 10 mg evciy 
hour. Control of the clotting-time, the dosage being probably 
sufficient when this is still lengthened 10 minutes after each injec- 
tion. In the surgery of the vascular system higher doses are 
desirable, so that the clotting-time is still lengthened at the end 
01 the hour. Duration 6 days or longer. 
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Summary. 

By tlie use of tiie iA-einseekeri> it is posible to appkintiavercas 
heparin administration ven* frequently mthout drip-infcs^ 
or repeated intravenous injections. 

In heparinized patients vdth sepsis lenta and septic- throini>o-' 
phlebitis, large haemorrhages aronnd emboli can occcr. 

It is found that, in non-operated patients too, after some time 
less heparin is required for lengthening the clotting-tiiae, than 
at the onset of treatment. A condition of flatent hepaiinization? 
can exist. The author vrill ti^- in the future to keep on the boider- 
line of this latent heparinization, with slight lengthening of the 
clotting-time, in the treatment, and especially the prophylaxis 
of thrombosis. 

Post-Scriptum. 

Since I sent this article to the press for the first time one year 
ago I can add the follo'5\ing experiences. Four more patients were 
treated with heparin by the veinseeker method and kept on the 
borderline of latent heparinization and a slight lengthening of the 
clotting-time. In two patients we were obligated to stop the treat- 
ment owing to chills due to heparin. In one patient a tuberculous 
sravide with established thromhosis in one leg and beginning throni' 
hosis of the other leg the success was evident. In other investiga' 
tions we sometimes found the so called negative phases i. e. a shor- 
tening of the clotting-time, o io 13 hours after a heparine injection. 
As the existence of a negatr\-e phase which would he of great im- 
portance is generally denied in literature investigations on this 
subject are going on. 
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Investigations on the Passage of Sulfathiazole 
through the Blood-Liquor Barrier in various 
Forms of Meningitis. 

By 

A. HARRESTRUP ANDERSEN and M. H. SIMESEN. 
(Submitted for publication January 4, 1943). 


After the introduction of sulfonamides in the treatment of 
meningitis the question as to the ability of medicaments to pene- 
trate from the blood into the cerebrospinal fluid has gained renewed 
interest. As far as the sulfonamides are concerned it appears that 
the ability to penetrate into the cerebrospinal fluid varies greatly 
with each individual sulfonamide derivate. 

While sulfanilamide is present in almost the same concentration 
in the cerebrospinal fluid and the blood (Katzenelbogen, Cruvant, 
and Silverberg, 1941), the ratio between the concentration in the 
cerebrospinal fluid and in the blood, the liquor-blood quotient 
(L. B. Q.) is c, 0.70 for sulfapyridine (Roelsen and Simesen, 1941, 
Engbaek, Nissen and Schleisner, 1941, Bechgaard, Lohse and Ver- 
mehren, 1941) and about 0.20 for Sulfathiazole (iidem). These 
figures, however, only apply to cases in which the meninges are 
intact. In certain forms of meningitis, especially purulent and 
tubercular meningitis, considerably larger amounts of sulfapjTidine 
and especially of sulfathiazole pass into the cerebrospinal fluid, so 
that the L. B. Q. increases. 


investigations on the passage of SUEFATUIAZOLE ETC. lOs 

This fact is partly of therapeutic partly of diagnostic interest. 
The therapeutic significance of the increased L. B. Q. has been 
dealt with by several authors, especially by Roelsen and Simescn, 
fl941) Engbjfik, Nissen and Schleisner (1941), and Bechgaard, 
Lohse’ and Vermehren (1941) and will not be further discussed 
here. On the other hand, the significance of the L. B. Q. for llic 
diagnosis of the various forms of meningitis has merely been suggest- 
ed by Roelsen and Simescn (1941), who think that in the L. B. Q. 
there may be a means of distinguishing by differential diagnosis 
between a tubercular and a serous meningitis — a distinction 
which may often cause clinical difficulties and which is of considerable 
importance in view of tlic prognosis to be communicated to the 
relatives of the patient. 

The object of this work has in the main been to Iry to verify 
this conjecture. In connection with the present scries of investiga- 
tions the L. B. Q. in a number of other forms of meningitis has been 
determined, just as the normal L. B. Q. has been determined by 
the examination of a number of patients without meningeal changes. 

Before we give an account of the results of the investigations 
some few words must be said about the nature, of the blood- 
liquor barrier. 

The demonstration of llic existence of a bari'icr between the 
blood and the cerebrospinal fluid is due to Ehrlich (1885) and 
Goldmann (1912) who by Uie injection of a scries of stains showed 
that only a small number of the stains were aide to penetrate to 
the fluid. 

Tlie barrier is generally stated to be situated in the capillary net. 
in the leplomeninges, especially in the choroid plexus. 

It must, however, be pointed- out that there undoubtedly exists 
yet anotlier barrier, namely tlie blood-brain barrier. 

The mechanism of llic passage of the various substances throimh 
the blood-liquor barrier is not yet fully cleared up. and a detailed 
discussion of it would lake us loo far afield. The. problems have 

treated, for instance in the papers by Walt her 
(1929), Kafka (1930) and Bromann (1938) 

las the character of an ultrafiltrate or a dialysatc This is 
suggested in the first place by the .otv content ol c^ids il! Ih; 
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• If the spinal fluid were tube conceived as a simple ultrafiltrate 
•or a dialysate it must, however, be expected that all crystalloids 
would be distributed approximately equally on either side of the 
membrane, if the solubility of the substances in the two phases, the 
adsorption of the substances to the protein molecules in the blood, 
and the Donnan equilibrium are taken into account. 

While ions as Ca++, Na+, and Cl“ approximately satisfy these 
requirements, there are such far-reaching discrepancies between 
the distribution of such ions as Mg++, K~ and PO 4 — and of 
the anelectrolyte glucose in the blood and the spinal fluid that the 
theory of the formation of the fluid on the basis of simple physicoche- 
mical processes cannot be maintained. It is a fact, ho>vever, that the 
ratio between the distribution of the individual substances in the 
fluid and in the blood (the Liquor-Blood Quotient lies within) 
rather narrow limits as long as the barrier is intact. 

Of the foreign substances introduced into the organism some 
will not be able to force the barrier at all. 

That, for instance, is the case with salvarsan (Stiihmer 1915 
and others) and basic stains (Wittgenstein and Krebs, 1926). 

Of others only a certain percentage can pass into the spinal 
fluid. 

But if the barrier is injured, the constant distribution of the 
substances on the two sides cannot be maintained, and in the 
•change in the quotient we have a certain measure of the lesion to 
the barrier. This applies to the normal as well as to the foreign 
substances. It is pointed out by several authors, however, that the 
•change in the quotient is not a direct measure of the extent of the 
lesion. 

The lesion changing the degree of permeability may partly be 
of an inflammatory, partly of a traumatic kind, just as certain medi- 
eaments are able to alter the permeability. Thus, after the inges- 
tion of theophyllin, histamine, and adrenaline there is an increase 
in the permeability (L. Stern, 1923). 

As was only to be expected, it has been attempted, by investi- 
gation of the permeability for various substances both normal to 
and foreign to the body, to find a test that might express the 
•extent of the injury to the barrier (meninges). 

Especially in the years 1920 — ^30 a fairly extensive literature 
-was published on the value of various permeability tests, the most 
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The day before the test was performed the sulfonamide derivate 
in question was. administered in the following doses: 


Adults and children over 15 years old 1 g X 6 

Children from 10 to 15 years old % g X & 

Children from 1 14 to 10 years old g X 6 

Children under 1 % years old ^4 g X 6 


This dosage, however, was only kept up in cases in which the 
sulfonamide derivate was given exclusively for diagnostic purposes. 
In cases in which the substance was also given for therapeutic 
reasons the doses were in most cases somewhat larger, as ^vill 
appear from the table overleaf. 

After the substance had been administered throughout one 
day, lumbar puncture and venous puncture were performed simul- 
taneously 2 hours after the ingestion of a dose. Liquoid Roche was 
added to the blood as an anticoagulate. Part of the cerebrospinal 
fluid was kept for the counting of the cells and protein determina- 
tion. With the rest of the cerebrospinal fluid (1 ^ — 2 cm®) and 
with the blood (2 — i cm®) the sulfonamide content was deter- 
mined according to the method of Hecht (1938). 

Since it is normally only the free, that is to say, the non-acety- 
lised, compound of the sulfonamide derivate that passes into the 
cerebrospinal fluid, the L. B. Q. is exclusively determined by divi- 
sion of the concentration of free compound in the cerebrospinal 
fluid by the free compound in the blood. 

The investigation comprises determinations of the L. B. Q. 
partly in persons with a normal cerebrospinal fluid, partly in pati- 
ents admitted to the Blegdamshospital suffering from various 
meningeal affections. 

- We will first describe 


A.’ The normal Material 
comprising determinations of 

1) The L. B. Q. for sulphatiazole in 9 adults and 11 children with 
non-meningeal affections. 

2) The L. B. Q. for sulphapyridine in 10 children with non- 
meningeal affections. 

The persons chosen for the experiments were patients with 
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Table I. 

The Spinal Fluid-Blood Quotient for Normal Persons after Ingestion of Sul- 

fathiazolc. 


Concentration in 

mg % 

On 

otient 

in spinal fluid 

in 

blood 

- V*- 

free 

total 

free 

total 

free 

total 

0.86 

0.86 

■ 4.9 

6.8 

0.17 

0.13 

0.60 


4.2 

5.1 

0.14 


0.88 


4.5 

7.0 

0,19 


0.48 


2.0 

4.0 

0.18 


0.63 

0.64 

4,9 

6.0 

0.13 

, 

0.38 

0.41 

3.2 

4.0 

0,12 

0.09 

0.57 

0.57 

3.1 

4.4 

0.18 

0.13 

0.97 

0.97 

4.4 

6.4 

0.22 

0,15 

0.75 

0.76 

4.5 

5.5 

0.17 

0.14 

0.9 

1.1 

5.8 

6.2 

0,16 


0.66 

0.66 

4.0 

5.9 

0.14 


0.40 

0.50 

3.3 

4.7 

0.12 

0.11 

0.7 

0.9 

3.1 

5.4 

0.22 

0.5 

0.38 

0.5 

2.5 

2.5 

4.5 

3.1 

0.20 

0.15 

0.11 

0.8 

0.8 

4.6 

5.0 

0.17 


0.55 

1.0 

4.1 

5.8 

0.12 


0.4 

0.4 

2.4 

2.7 

0.17 


1.3 I 

1.3 

5.8 

6.3 

0.22 


0.6- j 

0.6 

3.3 

3.7 

0.18 ( 

’ 


No. 


Age 


Diagnosis 


Children 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 


5 

7 

2 

3^2 

1 

7^2 

6='/4 

5 

7 


lileasles 


» 

» 

» 

n 

I) 

» 

» 

» 

I) 


Adults 
1 
2 

3 

4 

5 

6 

7 

8 
9 


17 

33 

20 

21 

15 

30 

17 

23 

21 


Measles 

Chicken-pox 

Bacilluscarrier 

» 

Mumps 

unspeclf. eczema 
Syfilis 
Syfilis 
Gonorrlioea 


normal persons all with 

ne res., .m « 

-d rrdth a ^ean val ;“e“8 *»"> 0.12 1„ 0.22, 

«nd Children. As regards the ! 1^, "* “ »0ulls 

the concentration for the free coni! i .“"“"‘■'ations obtained. 

pound m the spinal fluid it ramies f f o’ ^ com- 

average value of 0.67. ^ mg % v-ith an 
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Table II.. 

The Spinal Fluid-Blood Quotient in Normal Children after Ingestion of Sulfa 

pyridine. • 


No. 

Age 

Diagnosis 

Concentration in mg % 

Quotient 

in spin 

.•Tlyid 

in biood 

free 

total 

free 

total 

free 

total 

] ■ 

G=>/4 

Measles 

4.3 

4.3 . 

5.2 

8.1 


0.53 

2 

3 

» 

2.4 

3.1 

3.9 

7.8 



3 

3 

9 

4.6 

4.7 

7.0 

8.9 

0.66 

0.53 

4 

3 

9 

2.1 

2.5 

2.7 

5.3 

0.78 


5 

G 

9 

4.2 


5.0 

6.9 

0.84 


C 

10/12 

Tussis conv. 









Pneumonia 

16.6 

17.4 

28.5 

36.0 

0.59 

0.48 

7 

6 

Mumps 

1.5 


2.7 

5.6 

0.55 


8 

9 

)) 

2.0 

2.1 

3.3 

5.4 

0.61 

0.38 

9 

9 

)) 

3.9 

4.0 

5.7 

6.7 

0.68 

0.60 

in 

17 

1) 

3.6 

3.6 

5.1 


0.71 



The amount of the quotient after ingestion of sulfapyridine will 
appear from Table II. 

It wll be seen that after ingestion of sulphapyridine theL.B. Q. 
lies considerably higher than after ingestion of sulfathiazole. The 
mean value is 0.69, varying between 0.55 and 0.83. The absolute 
values for the free compound in the blood lie between 28.5 and 2.7 
mg % with a mean value of 6.91 mg % and for the free compound 
in the spinal fluid between 16.6 and 1.5 mg % vith a mean value 
of 4.52 mg %. 

The great amplitude of variation -svithin the normal makes 
sulfapyridine unsuitable for the functional test. 

Therefore only sulfathiazole has been used for the inyestiga- 
tions on the permeability of the blood- spinal fluid barrier in pati- 
ents with meningeal affections. 


B. The Material of the L. B. Q. in Patients suffering from meningeal 

Affections. 

comprises the following determinations. 

1) The L. B. Q. in patients suffering from tubercular menin- 
gitis. 
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2) The L; B. Q. in patients suffering from secondary lympho- 


cytic meningitis. 

' 3) -The B. B. Q. in^ 


patients suffering from primary lymphocy- 


tic meningitis. - ~ - .... _ 

4) The L. B. Q. in patients with purulent meningitis, exam- 
ined immediately after admission. . • 

5) The L. B. Q. in patients suffering from purulent meningitis 

under observation for some time, and 

6) The L. B. Q. in patients suffering from infectious diseases 

of the central nervous system of a lund other than tliose already 


mentioned. 

The investigations of the size of the L. B. Q. in patients suffering 
from tubercular meningitis nail appear from Table IIL 

As vdll be seen in the table, in all the cases examined the quo- 
tient had risen essentially. The values range from 0.32 to 0.55, 
the mean value being 0.42. 

Thus it would seem that a considerable change in the perme- 
ability of the meninges vith a much increased passage of sulphat- 
iazole to the spinal fluid is one of the features of l^Ieningitis tuber- 
culosa. 


As will appear from the table most of the investigations were 
made at rather a late stage of the disease, in some few cases even 
a short time before death. In 2 cases, liowever, (Nos. 2 and 6) the 
first investigation was made a fortnight before of death. 

The column headed Degree affected shows tlie condition of 
the patient at the time the test was made. Tlie patient’s condition 
is denoted by I, If, or III, where I means not or lightly affected, 
vathout neurological changes, If moderately effected, with clouded 
senses and/or lighter neurological changes, while III denotes 
greatly affected, i. e. vith clouded perception, comatose, and/or 
with massive neurological changes. 

No distinct parallelism between the gravity of the disease 
and the size of the quotient appears from tlic table. 

How early in the picture of the disease the quotient increases 
cannot be said with certainty. 

It IS seen, however, that in several cases the quotient is in- 

leased at a time when the clinical conditions is not much affected 
(Nos. 2 and 5). 

It is further seen that in the 4 cases rvhieh have been under 
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Table 

Spinal Fluid-Blood Qiiolietil in 




Ad- 

mit- 

tod 

Unto 

I.iimbar I’uncliirc 

Degree 

affec- 

ted 

Dose 

j Cells 

All). 

Glob. 



■ 

2a 

20/.") 

28/.’’) 

.'171 /a 


-10 

•1 

III 

« IXG 






mono 





II 

WjM 

l.")/() 

19/(5 

5.a7/a 

111 

ao 

-1 

I 

g IXG . 

a 

29 

0 / 1(1 

8/10 

7a:i/a 

111 

8 

•1 

HI 

g 1 XG 

•1 

.•52 

7/1 

8/1 

7(5/a 

III 

not 

flclcr- 









inini’d 

II 

g 1.5x0 




9/1 

SH5/a 

m 

50 

7 

H 

? 




10/1 

2(51 /a 

III 

50 

8 

III 

•? 

r> 

20 

!l/2 

10/2 

•11 (5/a 

III 

•10 

0 

I 

g 1.5x6 




12/2 

81/3 

m 

•10 

f) 

I 

g IXG 

ii 

2.') 

M/2 

20/2 

■is()/a 

111 

ao 

3 

II 

g 1 XG 




27/2 

128 /a 

m 

ao 

■1 

III 





1 /a 





III 


7 

HI 

2 : 5/2 

2.0/2 

- 120 /a 

III 

50 

I 

II 

g 7, X G 




27/a 

a 12 /a 

111 

ton 










little 

1 

II 

g 7<xG 

<s 

2 

17/-J 

21/1 

2 oa/a 

«0% 

100 

10 

III 

g ViXG 






111 





0 

2.'> 

5/0 

9/5 

n 

ol delcniiinci 

t 1 


III 

g 1 XG 

U) 

7 

9,M 

22/1 

92/a 

III 1 

20 

1 

111 

g VjXG 


ol)scr\'alion for some lime during which the patient was gradually 
getting worse the quotient is increasing, except in one case (No. 6). 

Conditions in the cases of non-tubercular lymphocytic meningi- 
tis will appear from Table IV. 

This table shows instances of the so-called secondary" lymphocy- 
tic meningitis, i. e. meningitis in conjunction Arith some infectious 
disease, in the majority of cases mumps. 

From this table it appears that in all cases examined the quo- 
tient lies between 0.14 and 0.23 with a mean value of 0.18. In other 
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III. 

Patients with Tubercular Meningitis. 


Sulfathiazole Cone, in mg 











in spin. fl. 

in 

blood 


Dicf 

Comments 

wm 


free 

total 

am 

m 

1 

. 3.2 

3.2 

3.0 

3.9 

0.40 

29/5 

Sect.: Meningitis lul). 7'umor 







ovarii. I 

0.94 

1.0 

2.6 

4.1 

0.36 

3/7 

.Sect.; Tub. miliaris. Meningitis 

• 1.4 






tub. Tub. pulm. bilal. I 


3.4 

4.0 

0.41 

12/10 

Sccl.: Tub. miliaris. bepat. cl ren.j 







I'lcningilis tub. Tub. 
cavern, pulm. I 

3.2 

1.5 

2.6 

3.6 

0.46 

10/1 

Xcct.; Meningitis tub. Tub. miJi-j 

1.3 

' 

2.5 




aris pulm, et rcn. I 

l.G 

3.6 

0..52 


2.1 

2.6 

3.9 

5.3 

0.54 



0.8 

0.9 

2.5 

3.4 

0.32 

27/2 

Sect.: Meningitis tub. Tub. mili- 

■ 1.1 

1.5 

2.7 

3.8 

0.41 


aris pulm. ct ren. cl iu'pal.j 

0.6 

0.7 

1.7 

2.4 

0.35 

9/3 

•Vcc/.; Meningitis tub. Tub. niiliJ 

2.5 

2.9 

4.5 

6.4 

0.55 


aris. 1 

0.4 

0.6 

1.3 

l.S 

0.31 


■ 

1.5 

1.6 

4.0 

4.8 

0.38 

3/3 

?cc/.; Meningitis tub. 

2.1 

2.4 . 

4.3 

4.5 

0.49 



3.2 

3.6 

7.7 

8.8 

0.37 

22/4 .« 

irct.: Meningitis mb. Tub. mili- 

1.15 

1.35 

2.42 

2,65 

0.47 

13/5 5 

aris. I 

Meningitis tub. Broncl.oJ 

1.9 

2.1 

5.1 

5.7 I 

0.37 : 

!3/4 1 

pneumonia, lob. inf. sin. 

^'0 section. ( 


It IS at 


exactly tlic same level 


words, 

(Table. I). ' uurmai 

Conditions are slightly differonf- in n 

'ymphooytic meningitis /ntered 7" ^.l" “ ® T,'’’ TT 

result of the first examination nf ^ ^ ^ shows I 

as wcil as the spinai fluid findinas s' ^n""' 

“nation of the^aotiant.'' 17'* 
aver a prolonged period during the seTl'r‘\™' 
ft .s seen that in the nrajority of calea n . 

- Acta med. scandinav. Vol. CXIV T«0*-lcnt is norm? 
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Table 

Spinal FluidrBlood Qaolieni in 


No. 

Age 

Condition 
at determ. 
of quotient 

Lumbar puncture at determ, 
of quotient 

No.of days 
between 
admittan- 
ce and det. 
of quot. 

Dose 


Alb. 

Glob. 

Numbers 

Kind 





m 





1 

60 

I 


poly 


0 

2 

g 1 X8 

2 

8 

II 


poly 

■1 

2 

4 

g 1x6 

3 

22 

II 

1236/3 

poly 

30 

3 

2 

g 1x8 

4 

21 

III 


poly 

50 

'4 

2 

g 1.5X6 

5 

• 12 

I 

3000/3 

poly 

30 

3 

2 

g 1x6' 

6 

2 

I 

10000/3 

poly 

20 

2 

1 

g 0.5X8 





50% 





7 

14 

I 

500/3 

poly 

20 

0 

3 

' 

g 1X6 

8 

21 

I 

130/3 

mono. 

10 

1 

3 

g 1X6 

9 

21 

III 

26600/3 

poly 

200 

20 

1 

g 1X8 

10 

21 

I 

134/3 

mono. 

10 

0 

6 

g 1X6 

11 

20 

I 

80000/3 

poly 

30 

0 

2 

g 1.5X6 

12 

36 

III 

100000/3 

poly 

90 

0 

1 

g 1.5X6 





50% 





13 

27 

II 

34/3 

poly 

40 

1 

1 

g 1X8 

14 

29 

I— II 

2016/3 

poly 

40 

2 

2 

g 1X8 

15 

18 

II 

20800/3 

poly 

100 

9 

1 

g 1X6 





75% 





16 

28 

I 

680/3 

poly 

20 

0 

1 

g 1X8 

17 

29 


1670/3 

poly 

10 

0 

1 

g 1X6 

18 

3 

II 

5280/3 

poly 

40 

2 

4 

g 1X6 

19 

23 

I 

3200.'3 

poly 

40 

4 

1 

g 1 X6 


On the other hand, in the remaining two patients wth a quo- 
tient exceeding the normal range the course of the disease chnically 
differs so much from what is usually seen that a brief report of the 
case history may be of interest. 

The patient (No. 7) had suddenly been taken ill two days before 
admission 'ndth shivering fits and general malaise. The next few 
daj’^s he became increasingly somnolent and upon admission was 
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VI. 

Palients with Purulent Meningitis. 


yaiienis 4. 

Cone, of 

in mg % 


Comments 

in sp. 

fluid 

in blood 
— 

Qu.ot.% 

free 

total 






1.2 

1.3 

4.3 

5.8 

0.28 

Bact. not found. 

0.6 

0.6 

2.3 

2.9 

0.26 

Bact. not found. 

1 0 

1.0 

2.7 

3.5 

0.37 

Bact. not found. 

2.2 

.2.4 

4.3 

7.1 

0.51 

Growth of Meningoc. Paresis of the ab- 
cens nerve. Total deafness. 

2.0 


5.0 

6.0 

0.40 

Growth of Streptoc. 

1.4 

- 1.5 

S.4 

22.0 

0.15 

Growth of Meningoc. 

O.S 

0.9 

2.9 

5.5 

0.26 

Growth of Meningoc. 

1.1 

1.1 

3.2 

4.6 

0.34 

Bact. not found. 

1.9 

2.2 

5.0 

6.8 

0.38 

Growth of Meningoc. Very ill. Paresis 
of the facial nerve. 

0.6 

0,6 

1.7 

3.0 

0.35 

Growth of Meningoc. 

1.9 

2.2 

9.1 

9.8 

0.21 

Bact. not found. 

3.0 


7.2 

10.7 

0.42 

Growth of Meningoc. 

1.9 

1.9 

4.7 

6.0 

0.41 

Growth of Meningoc. 

1.3 

1,5 

3.9 

4.7 

0.33 

Bact. not found. . 

1.6 

1.8 

5.1 

6.2 

0.31 


2.1 


6.4 

9.5 

0.33 

Growth of Meningoc. 

1.0 


3.4 

3.5 

0.29 


1.6 


5.0 

6.4 

0.32 

Growth of B; Pfeiffer. Died on' 30th day 
after det. of Quot. 

1.0 


5.1 

6.7 

0.29 

Growth of Pneumoc, ' 


remote, . A^itll clouded perceptions and almost comatose.' In the 
course of the next day he cleared up, however, and apart from thd 
spinal fluid test ah other examinations showed normal condition^ 
Patient No. 9 had :been taken ill two days before admission 
■vitli a headache, pains in the stomach, vomiting and stiffness of the 
neck. Upon admission' he ^was suffering from marked stiffness of 
the neck and back. During the foilovung-days lie grew increasingly 
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Table 

Spinal .Fluid-Blood Quolieni in 


No. 

Age 

Condition 
at determ. 

Lumbar puncture at determ, 
of quotient 

No. of days 
between 



1 r.Piic 



admittan- 

Dose 



of quotient 



Alb. 

Glob. 

ce and det. 



Numbers 

Kind 

of quot. 






50% 

m 




1 

60 

1 

3500/3 

poly 


0 

2 

g 1x8 

2 

8 

II 

10400/3 

poly 

■1 

2 

4 

g 1x6 

3 

22 

II 

1236/3 

poly 

30 

3 

2 

g 1X8 

4 

21 

III 

2250/3 

poly 

50 

'4 

2 

g 1.5X6 

5 

.12 

I 

3000/3 

poly 

30 

3 

2 

g 1X6 

6 

2 

I 

10000/3 

poly 

20 

2 

1 

g 0.5x8 





50% 





7 

14 

I 

500/3 

poly 

20 

0 

3 

g 1X6 

8 

21 

I 

130/3 

mono. 

10 

1 

3 

g 1X6 

9 

21 

III 

26600/3 

poly 

200 

20 

1 

g 1X8 

10 

21 

I 

134/3 

mono. 

10 

0 

6 

g.lx6 

11 

20 

I 

80000/3 

poly 

30 

0 

2 

g 1.5x6 

12 

36 

III 

100000/3 

poly 

90 

0 

1 

g 1.5x6 





50% 





13 

27 

II 

34/3 

poly 

40 

1 

1 

g 1X8 

14 

29 

I— II 

2016/3 

poly 

40 

2 

2 

g 1X8- 

15 

18 

II 

20800/3 

poly 

100 

9 

1 

g 1x6 





75% 





16 

28 

I 

680/3 

poly 

20 

0 

1 

g 1X8 

17 

29 


1670/3 

poly 

10 

0 

1 

g 1X6 

18 

3 

II 

5280/3 

poly 

40 

2 

4 

g 1X6 

19 

23 

I 

3200 '3 

poly 

40 

4 

1 

g 1X6 


On the other hand, in the remaining two patients Avith a quo- 
tient exceeding the normal range the course of the disease clinically 
differs so much from what is usually seen that a brief report of the 
case history may be of interest. 

The patient (No. 7) had suddenly been taken ill two days before 
admission with shivering fits and general malaise. The next few 
days he became increasingly somnolent and upon admission rvas 
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VI. 

Paiienls wilh Purulent Meningitis. 


Cone, of Sulpliatiazole 
in mg % 

Quot. 

Comments 

in sp. 

lluid 

in blood 

free 

total 

free 

total 



1.2 

.3 

4.3 

5.8 

0.28 

Bact. not found. 

0.6 

0.6 

2.3 

2.9 

0.26 

Bact. not found. 

1.0 

1.0 

2.7 

3.5 

0.37 

Bad. not found. 

2.2 

.2.4 

4.3 

7.1 

0.51 

Growth of Meningoc. Paresis of the ab- 
cens nerve. Total deafness. 

2.0 


5.0 

6.0 

0.40 

Growth of Streptoc. 

1.4 

• 1.5 

9,4 

12.0 

0.15 

Growth of Meningoc. 

0.8 

0;9 

2.9 

5.5 

0.26 

Growth of Meningoc. 

1.1 

1.1 

3.2 

4.6 

0.34 

Bact. not found. 

1.9 

2.2 

5.0 

6.8 

0.38 

Growth of Meningoc. Very ill. Paresis 
of the facial nerve. 

0.6 

0.6 

1.7 

3.0 

0.35 

Growth of Meningoc. 

1.9 

2.2 

9.1 

9.8 

0.21 

Bact. not found. 

3.0 


7.2 

10.7 

0.42 

Growtii of Meningoc. 

1,9 

1.9 

4.7. 

6.0 

0.41 

Growth of Meningoc. . 

1.3 

1,5 

3.9 

4.7 

0.33 

Bad. not found. . 

l.G 

1.8 

5.1, 

6.2 

0.31 


2.1 


6.4, 

9.5 

0.33 

Growth of f^Ieningoc. 

1.0 

1.0 

3.4 

3.5 

0.29 


1.6 

1 

5.0 

6.4 

0.32 

Growth of B; Pfeiffer. Died on: 30th day 
after del. of Quot. ' 

1.5 

1.6 

5.1 

6.7 

0.29 

Growth of Pneumoc. ' 


remote, with clouded perceptions and almost comatose.! In thij 
course of the next day he cleared up, however, and apart from thb 
spinal fluid test all other examinations show'ed normal conditions!. 

Patient No. 9 had jbeen taken ill two days before admission 
:with a headache, pains in the stomach, vomiting and stiffness of tills 
neck. Upon admission- he^was suffering from marked stiffness of 
the heck and back. During the following-days he grew increasingly 
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Table 

Spinal Fluid- Blood Quolicnl in Palknis wilh 


No. 

Age 

Diapiiosis 

Ad- 


Lumbar puncture 

init- 

Dale 

Ceils ! 






led 




Alb. 

Glob. 





Numbers 

Kind 


1 

21 

Mciiiii(^ilis ccrcltr. 

9/9 

9/9 

90000/3 


200 

20 



cpid. 


10/9 

20000/3 


200 

20 





w 


m 

80 

4 






08/3 

m 

80 

4 

2 

30 

Mcnlnyilis ccrehr. 

8/10 


70000/3 

])oly 

not determined 



opid. 

9/10 


100000/3 

poly 

90 

0 







70% 






11/10 


1528/3 

poly 

50 

2 




17/10 


110/3 

111 

40 

2 

3 

27 

Meningitis ccrebr. 

20/10 

20/10 

5700/3 

poly 

not dctc 

rmined 



cpid. 




50% 







27/10 

3-1/3 

poly 

40 

1 





30/10 

202/3 

m 

30 

0 


19 

Meningitis ecrobr. 

8/11 

7/11 

00000/3 

poly 

not dote 

rmined 



spin. Syfilis 


9/11 

2010/3 

poly 

40 

2 





15/11 

142/3 

ni 

30 

1 





25/11 

70/3 

m 

10 

0 

5 

18 

Meningitis ccrebr. 

20/11 

21/11 

10850/3 

I’oly 

100 

9 



spin. cpid. 


25/11 

130/3 

m 

10 

0 





1/12 

45/3 

ni 

10 

0 

(i 

20 

Meningitis purui. 

15/2 

lG/2 

12800/3 

poly 

too little 

too little 





17/2 

1070/3 

poly 

10 

0 







80% 







19/2 

170/3 

m 









overv. 



7 

23 

Meningitis puriil. 

•1/5 

5/5 

420/3 

poly 

30 

2 



sinuitis front. 


7/5 

3200/3 

poly 

40 

4 




10/5 

27/3 

in 

not detc 

rmined 

8 

3 

Meningitis pnnii. 

11/10 

11/10 

204000/3 

•poly 

80 

7 



Pfeiffer 

11/10 

15/10 

5280/3 

poly 

40 

2 

1 





20/10 

324, 3 

poly 

30 







60% 


1 





1/11 

126/3 

poly 

10 
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VII. 

Purulent Meningitis, observed for some. Time. 


Degree 

affected 


Sullathiazole Cone, in mg % 



Dose 

in sp. 

fluid 

in blood ' 

Quot. 

Comments 



free 

total 
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Diagnosis mil- Date 

ted 


Spinal Fluid-Blood Quolienl in Patients with 


Ad- Lumbar Puncture 

mit- Date ~ 

Alb. Glob. 


1 31 . Poliomyelitis 

Febr. rheum. 
Endocard. rheum. 
Tonsillitis chr. 


6/9 6/! 

13/! 


2 6 Poliomyelitis ant. 26/10 26/1 

27/1 

3 7 Poliomyelitis ant. 18/8 18/f 

10 /£ 

4 3 Poliomyelitis ant. 1/9 4/£ 

5 13 Poliomyelitis ant. 26/8 30/8 

4/£ 

26/g 

6 13 Polyradiculitis 15/6 19/C 

ac. infect. 

24 Polyradiculitis 26/8 1/9 

ac. infect. 

8 27 Polyradiculitis 16/1 

ac. infect. 

9 27 Polyradicuiitis 12/1 12/1 

ac. infect. 15/1 

10 45 Encephalitis prim. 17/2 24/2 


clouded and groping. The cell count in the spinal fluid was on 
the increase and everything seemed to indicate that it was a 
case of tubercular meningitis, especially since the L. B. Q- 
was 0,37. 

Examination of the eyes showed papillary edema without 
prominence of the disk. The neurological examination revealed 


10 

0 

10 

0 

10 

0 

10' 

too little 

30 

1 

20 

1 

10 

0 

60 

2 

60 

2 

60 

2 

20 

2 

50 

2 

10 

0 

10 

I 

10 

0 

30 

5 
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Poliomyelitis, Polyradiculitis and Encephalitis. 



Sulphathiazole Conc.ining% 
in sp. fluid in blood Quot. 

free total free j total 


Comments 


I I g 1x6 0.6 0.6 4.0 4.2 0.15 Died 28/10 from respira- 

tion paralysis. 

Sect.; Poliomyelitic change* 
in med. obi. 

HgVaXe 0.9 1.0 5.4 6.5 O.IS Cannot hold head up. 

(27/10). 


n gVsX6 0.6 0.7 5.8 

n 1.1 1.3 4.9 


I g ViXG 
II g^iXG 0.8 
II 8V4XG 0.8 

I g ViXG 0.6 


0-8 2.0 

5.5 


0-6 2.1 3.0 0.29 i 


8-0 0.11 Paresis of right arm. j 

8.2 0.22 Slight paresis of lowci 

extrem. 

‘1.3 0.32 Facial paresis. 

7.4 j 0.15 Facial paresis. 


II g 1 X6 0.8 0 8 97 4 e: 

4.5 0.29 Reduction of po^Yer i,. 

upper extr. 

glX6 0.4 -0.4 1.5 2.0 0.27 


II g 1X5 

II g 1X5 0.4 0.1 1 On 

II g 1X6 1.5 1.7 2 8 

3.7 0.53 Died 20/3. 

Sect.: EnccphalitisV No 

- I I'ub, No exudate 

~ • l‘» bicmbra iies 

nothing special, particularly no rpflov ni 

neurological examination- »Il is nr ‘^“”'^'“*''> 1 ' ot the 

severe endemic arachnoiditis r ^ P'^rt'eulnrly 

yielded nothing. 1“^* and blood samples 

to 

nree weeks he was discharged fully 
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restored. In this case the quotient dropped simultaneously wtlr 
the improvement in the clinical condition. 

There can be no doubt that the two cases here reported differ 
essentially from the usual course of lymphocytic meningitis. It is 
of rare occurrence in this country that a patient with primary 
lymphocytic encephalo-meningitis presents a general condition so 
much affected as in the cases reported, but in this connection it is of 
importance to recall that the diagnosis »lymphocytic meningitiso 
is a lumber-room diagnosis comprising all cases of meningitis v-ith 
lymphocytic pleocytosis in which the infectious agent cannot be 
demonstrated. It might therefore he expected at the outset that 
this group of diseases would comprise a heterogeneous collection 
of pathological pictures from the milder to the more severe cases, 
and it is of interest to note that severe cases of lymphocytic menin- 
gitis too may he connected with such a severe lesion of the meninges 
that the permeability of the blood-fluid barrier undergoes a change. 
The cases cited are also a demonstration of the fact that a rise in the 
quotient in a lymphocytic meningitis is not specific to tubercular 
meningitis, which, indeed, was not to be expected. 

A considerable increase in the quotient, and especially an in- 
crease that mounts during the course of the disease will, however, 
as pointed out already,- speak strongly in favour of the diagnosis 
tubercular meningitis in patients with a lymphocytic meningitis. 

Conditions in the purulent cases of meningitis will appear 
from Table VI. 

Amongst other things the table shows the spinal fluid findings 
upon admission. Besides the result of the quotient determination 
the condition at the time when the quotient was determined is also 
entered and the number of days elapsed between admission 
and determination of the quotient. As will appear from the 
table, the quotient was determined in nearly all cases shortly after ad- 
mission at the time when the meningitis was in its most severe phase. 

It Avill be seen that the quotient ranges from 0.15 to 0.51. On 
the whole, however, the quotient is considerably increased, with a 
mean value of 0.33. 

As might be expected, purulent meningitis with the severe 
intensive changes in the meninges produces an essential change 
in the permeability conditions of the blood-fluid barrier. It appears, 
however, that the changes in permeability are not so radical here 
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as in the other intensive form of meningitis, tubercular meningitis, 

which showed a mean quotient of 0.42. 

The table shows that there is not in the individual investigation 
any sure proportionality between the height of the quotient and the 
clinical condition of the patient, or between the quotient and the 
content of cells and proteins in the spinal fluid. 

As regards the absolute concentrations it is seen that they vary 
between the following values: in the blood between 9.4 and 2.d 
mg % for the free compound and between 12.0 and 2.9 mg % for 
the total amount. 

The mean value is 4.8 and 6.4 mg % for the free and the total 
amounts respectively. In the spinal fluid the values for the free 
compound vary between 0.6 and 3.0 mg % with a mean value of 
2.0 mg %. The total amount in the spinal fluid is a trifle higher, but 
the determination was not made in all cases, so the mean value has 
not been computed. The concentrations obtained were in all cases 
sufficient to bring about restitution except in one case (No. 18) 
where the meningitis was caused by the chcmotherapeulicall}' but 
slightly affectible B. Pfeiffer. 

Table VII shows the result of a series of concentration dcler- 


niinations on patients with purulent meningitis where the increased 
quotient has been determined repeatedly during the coijrse of the 
disease. It appears that the quotient decreases about simultane- 
ously with the improvement in the patient’s condition and with the 


spinal fluid findings. In one case (No. 7) the quotient is slightly 
mounting, despite the improvement in the patient’s condition, 
and in one case (No. 8) a steadily rising quotient was observed, 


(the patient wiio died from his Pfeiffer meningitis.) 

In the height of the quotient wc have presumably an approxi- 
mate expression of the severity of the lesion in Die meninges, 
although there is hardly direct proportionality between the two 
factors. There is, however, a remarkably good agreement between 
the quotient and the clinical condition of the patient. 

Finally Table VIII shows the result of the determination of the. 
quotient m a number of patients with various infectious diseases of 
le central nervous system, predominantly paralytic poliomyclilis. 
wall he seen that in one of the cases a moderate increase in 
the quotient was found in a case of poliomyelitis. In the other 4 
cases the quotient was normal. 
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Tlie patients with poliomyelitis all showed a moderate and 
rather uniform increase (0.27—0.29), and finally the patient who 
died of encephalitis showed a very considerable increase in the 
quotient. 

Of the more detailed mechanism as regards the variations of the 
quotient our present work furnishes no information. ' 

Investigations on the form in which sulfathiazole occurs in the 
blood (Harrestrup Andersen, Holier and Simesen, 1942) have, 
however, given the result that besides in a free and acetylised form 
sulfathiazole is found in the blood in an ultra-filterable and a non- 
ultrafilterable form, that is to say in 4 forms in all. 

If it be assumed that normally only the filterable form is able 
to pass the barrier, this will explain the difference in concentration 
in the blood and the spinal fluid respectively, in normal, persons. 

Injury to the barrier should afford a possibility for the passage 
also of the non-filterable part of sulphatiazole (■which is presumably 
protein-fixed) into the spinal fluid, which causes a rise in the L, B. Q. 
The investigations in the above-mentioned work on the filter- 
ability of sulphatiazole into the spinal fluid of patients suffering 
from non-tubercular, lymphocytic, and purulent meningitis 
respectively favour this theory. 

In the first-mentioned case 100 % of the sulphatiazole in the 
spinal fluid was filterable, in the last-mentioned case there "was 
a non-filterable residue. 

According to this theory it might be expected that, if the non- 
filterable part of the sulphatiazole were protein-fixed, the quotient 
in the cases with injury to the barrier Avould be proportional to 
the protein content in the spinal fluid. As ■will appear from our 
investigations, this is not the case. 

WOiatever the explanation of the results obtained, there, can 
hardly be any doubt that determination of the quotient gives a 
better expression of the injury to the barrier than albumin and 
globulin determinations. 


Conclusion. 

I. The investigations showed a considerable rise in the blood- 
liquor-quotient for all the patients suffering from tubercular 
meningitis. 
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II In the other patients examined who were suffering from 
lymphocytic encephalomeningitis, a moderate rise in the quoUent 
vvas found in some few cases only, and predominantly in patients 


severely ill. . , i- 4 . • ^ 

III. An essential and especially lasting rise in the quotient m a 

patient with lymphocytic meningitis is therefore a very strong 
indication that the meningitis is of tubercular origin. 

IV. In polyradiculitis and poliomyelitis a moderate rise in the 
quotient may occur. The increase is, however, considerably 
lower than in patients with tubercular meningitis, 

V. In patients with purulent meningitis there is in most cases 
a considerable increase in the L. B. Q. The increase in the quotient 
in the main subsides simultaneously with the improvement of the 


clinical condition. 


Summary. 


The permeability conditions in regard to tlie blood-fluid 
barrier are briefly reviewed. 

Previous investigations have shown that in normal persons 
the quotient sulfathiazole in the spinal fluid: sulfathiazole in the 
blood lies at a level of about 0.20. These investigations are con- 
firmed. 


Upon examination of 9 adults and 11 children suffering from 
non-meningeal affections the mean quotient was determined at 
0.17, ranging from 0.12 to 0.22. . 

Upon examination of 10 patients suffering from hihcrcular 
meningitis an increase in tlie quotient averaging 0.42 was found 
in all cases, ranging from 0.32 to 0.55. 

In 9 patients suffering from sccondar^'^ lymphocytic meningitis 

a normal quotient was found (mean value: 0.18, varviim between 
0.14 and 0.23). 


In 9 patients suffering from primary lymphocytic meningitis 
a moderate increase was found in 2 cases. The increased quolicnl, 
lowever, dropped to normal in the 2 cases in whicli the patient 
was kept under observation until restitution. The remaining 
cases showed a normal quotient. ^ 

In patients ™th polyradiculitis a slight increase was found, 
and patents with poliomyelitis a slight or no increase. 
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As the result of the investigations it may be established that in 
patients suffering from lymphocytic meningitis an essential and 
especially lasting increase in the quotient (above 0.30) is a very 
strong indication that the meningitis is .of a tubercular nature. 
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Emphysema Pulmonum Bullosum. 
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The presence of emphysemateous bullae in the lungs is generally 
a finding incidentally recorded at x-ray examinations and post- 
mortems. On the x-ray picture they may assume the shape of ring- 
formed shadows, an appearance that often causes diagnostical 
difficulties. Their chief clinical interest lies in the fact that, on bur- 
sting, they may occasion a pneumothorax. 

According to Laurell, the emphysemateous bullae are mostly 
located under the pleura or between the lobes. It is very rare to 
find them spread in the parenchyma in such a degree as to provoke 
clinical symptoms, and in this case the relation to cystic lungs 
of other origin is not clear. - 

From later years we have descriptions of some cases of sub- 
pleural emphysemateous bullae of such dimensions that they have 
provoked clinical symptoms by their size only, quite mechanically. 
(1. 4. 6. 7. 8, 9. to. 11. 14, 17). Most of the authors restrain them- 
selves to the discussion of the difficult roentgenologic diagnosis, 
especially with regard to pneumothorax. As to the etiology and the 
pathogenesis of the disease, the opinions are divergent. 

In the following statement, three new cases of a similar affection 
are referred. In one of them patho-anatomical examination of the 
lungs was performed, the affection being a bilateral one with lethal 
S — Acto med. scandinav. Vol CXIV, 
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issue. Tliis case in particular it is hoped may furnish some new 
elements to the comprehension of the clinical picture and pathoge- 
nesis of the illness. 

From corresponding cases earlier described, results from 
authopsy were only available in one single case. 

Case 1. A 50 years old inslrumentmaker. 

The pat. liad been somewhat exposed to inhalation of dust in his ^wk, 
though not in any marked degree. 



Fig. 1. 


In 1925 his chest got squeezed against a screw and 
for 3 weeks. Otherwise sound until 1938. m both 

without any apparent reason, he felt a ^Wch ^n 1 
sides of his chest with severe dyspnoe and a ^Img ^ 

attack lasted for about one hour and . ^ another attack, 

persisting dyspnoe on exertion. I" nature as the 

and yet another in the summer of 1940, of In the spring 

first, his dyspnoe on exertion 

of 1941, the attacks became more frequent P ^ garvice in sep- 

keep quiet as much as possible. He was hospitalized in the 

tember 1941. 



Fig. 2 a. 


Signs and symptoms on admittance: Cyanosis will) pulse. Slrikinp- 
ly pronounced dy.spnoe on tlie slightest effort. Thorax in permanently 
overexpanded position with extended use of atixiliary respiratory muscle.s 
on inspiration. Furtlicr: inspiratory withdrawal of the epigastrium and of 
the intercostal space over the ncllior part of the thorax, the costal arch 
joining in the movement. During this paradoxical movement of the nether 
aperture of the thorax, the circumference on this jioini diminished by 2 cm. 
Evidently the lower portions of tlie lungs were not taking part in the respi- 
ration. The pliysical examination further revealed, symptoms of a pnmi- 
mothorax on both sides will) inaudible hroathsound and a dooj), slro))g, 
diyperresonant» percussion note that reached below the 12th rib; heart- 
and liverdulness were missing. Vital capacity 900 cnF. Pirqncl — . Globu- 
lar sedimentation rale norn)al. 
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X-ray examination (fig. 1 ): Full »cle£(ring-up)) at the ba<;p nn VinfL -a 
Without lu„8n,a*UBs. ludistinct boundary Lardr^ 
monary tissue. No rinsformed shadows were to he seen, denoting pl£ 

w7h Jh™etrat“!l“ stltor -‘--ling, eel eemp™. 

Bronchography; The bronchial branches were pressed together in the 
area near hilus, on both sides. The bronchial lumina were slightly reduce 
in size; no local stenosis. None of the opaque agent had penetrated into the 
.supposed emphysemateous bullae. 



Fig. 2 b. (superior lobes artificially blackened on the photo.) 


Bronchoscopy; Normal findings. 

The patient grew steadily worse with increasing dyspnoe and frequent 
choking attacks. He died after one month, his respiratory difficulties 
becoming ever worse. 

Patho-anatomical investigations. 

The aspect of the lungs may be seen on fig. 2 a — b. The emphysema- 
teous bullae at the base occupied almost the entirety of the inferior lobes. 
Besides smaller bullae of different size, a subpleural emphysema was reveal- 
ed with small blebs, which does not come out so well on the plate. Tlie 
portion left of the nether lobes was atelectatic, the rest of the lungs being 
aerated without nodes or infiltrations. A roentgenogram (fig. 3j of the 
extirped breastorgans illustrate the reciprocal size of the bullae. The 
inward aspect of the bullae (fig. 4) proved them to be emphysemateous; 
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Fig. 3. 


not ol cystic origin. The parenchyma w.as pressed together below their 
central parts and atelectatic, while toAvards the periphery it was dissolved 
in largemeshed emphysema, where a meshwork of threads and membranes 
reached from the lungs to the pleura. Tliis meslnvorlc Avas made out of the 
remnants of the alveolar walls and septa Avith partly obliterated vessels. On 
further examination of the broncliial tree, vdth reneAA'ed bronchography of 
the extirped lung, and macroscopic examination AAuth splitting up of the 
bronchiae, no narrOAving or stenosis Avere found neither in the larger nor in 
the smaller bronchiae. All the-larger bullae had a vahmlar structure, the 
air passing easily in, but being impossible to squeeze out. 

No visible bronchial openings Avere leading to the bullae. On insuffla- 
tion the air streamed in on several points, especially through the loose 
peripheric tissue. By segregation of the bronchial branches, one could 
localize the valArular mechanism peripherally to the small bronchiae, as far 
as these could be pursued. 

To the elucidation of the nature of the valvular mechanism the folloAving 
facts Avere stated; On experimental in- and exsufflation through the adduc- 
tiv bronchiae, the valvular effect proved to persist after the opening of the 
bullae, but could be suppressed by removal of the degenerative pulmonary 
tissue at the bottom, in the places of communication. This tissue thus 
seemed capable of provoking a valvular effect. 
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Fig. 4. 


A bronchogram (fig. 5) from the periplieric part of a large bulla furnished 
the following data; The bronchial branches run allongside the wall of the 
bulla, the bronchial tree being to some extent split in two by the bulla lying 
in the middle. Consequently, smaller bronchiae and bronchioli will be 
exposed to lateral pressure from the bulla. In these circumstances the nor- 
mal inspiratory extension and expiratory contraction of the bronchiae, 
together with the compressive effect exerciced by' the bulla (strongest at 
the expiration, less strong at the inspiration) must equally be considered as 
suspectible of releasing a valvular effect. 

Within the bulla the pressure will be positive, except on the height of 
the inspiration, wdien it will approach zero. This pressure will thus contri- 
bute to increase the atelectasis belorv the central parts of the bulla, stretch- 
ing the parenchyma peripherally along the pleura, by which process the 




Fig. 5. 


vessels become anaemic and the parenchyma degenerates. The growth 
of the bulla thus causes the pleura to he pealed otf the lungs, so to speak. 

Smaller bronchiae and bronchioli in the atelectatic zone were seen to be 
pressed together and did not communicate with the bulla. During the 
growdh of the bulla, new bronchial communications will open peripherally, 
W'hile the former openings will be closed toAvards the centre, in proportion as 
they are swalloAved up by the atelectatic zone. The rapidity of the grow'th 
will depend on the effectivity of the valvular mechanism, and the resistance 
of the pulmonary tissue to the pressure. 

Tlie microscopic examination further revealed insignificant fibrosis, 
probably of secondary origin. No signs of silicosis. 

Alterations of the A'essels AA'ere noted in seA’eral places, such as mesarte- 
ritis with extended infiltration of lymphocytes, partly in the shape of 
pronounced proliferation of the intima Avith a narroAA’ing of the lumen, in 
some places cA'en AAdth infiltration of adAmnlitia. OlherAA'isc there Avere no 
signs of infection. 

Vascular alterations AA'ill aNvays he apt to proAmke a disposition to 
emphysema, through disturbance of the metabolism. In this case.it 
AA'as difficult to decide Avliich symptoms AA^ere of primary and AA'hich of 
secondary origin; but at all events such alterations of the vessels Avill 
contribute to hasten the progression of the disease by reducing the 
1 acuity of resistance of the parenchyma. 
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The next two patients who have been treated in the Service latelv off 
a chnical and roentgenological picture which, with our knowled i S 

first case,in mind, proves that we have to deal with the same a«ecUon 

Case 2. A 19 years old volunteer. Previously healthy. Suddenly in 
may 1 932, without preceding exertion, he got such violent pains and stitche” 



Fig. 6. 


in the left part of the thorax, that he had to he helped to bed. After a 
week he was again free from symptoms. He had no cough. In the course 
of th.e following years he noted a stitch and pains in the same spot, usually 
lasting a day’s time, mostly in connection with stronger efforts. After a 
skiing expedition in 1938, his state grew worse, with ever more frequent 
attacks and continuous dyspnoe on exertion. Hospitalized in the Service 
the 10th. of June 1938. 

Signs and symptoms on admittance: Breathsound inaudible over t le 
nether part of the left lung with deep enforced percussion note as by pneu- 
mothorax. Pirquet — . Sedimentary rate normal. 
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Roentgen (fig. 6j: The pulmonary area at the base of the left lung 
abnormally clear \yithout vesselmarkings. Diaphragma-vault flattened out. 
It was not possible to distinguish any bounding outlines of the lung that 
could furnish a foundation for the suspicion of a pneumothorax. A lateral 
picture proved the aeration to be localised backwai-ds. Probable diagnosis: 
Subpleural emphysemateous bulla (Prof. Dale). Bronchogram (fig. 7): Dis- 
tal bronchiae pressed together and contrast filled alveolae in the left lower 



Fig. 7. 


Lt t.,e „pa,ue passo. 

iy deep P'eurai pressure -G- 

pressure was 4 n ^ of 250cm3 nis. 

;^;^Pnoe, Sol 

tteWteof .heuelherlot wiSa l'r ' Realised r“lhi 

«-physemaleous bulla seeded thus eo“rirmed”' “'‘'SPOoi 
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Fig. S. 


Thoracoscopy (Dr. med. Ustvedt): The emphysemateous bulla was 
lying as a pulmonary lobe of the size of a babe’s hand, on the posterior part 
■of the diaphragma-vault. The surface had an appearance like that of the 
lung itself and pleura was normal. 

The pneumothorax was resorbed in the course of a month’s time. Since 
then the pains have been about the same as before the pat. was subjected 
to treatment, with moderate dyspnoe on exertion, and from time to 
time attacks with stitch and pain in the left side on stronger efforts. He 
5 till has no cough. Control by x-ray proves the emphysemateous bulla to 
have varied somewhat in size in course of the elapsed years, though on the 
whole without any sure- increasing tendency. 

Case 3. A 53 years old seargent. 

The pat. noted his pulmonary disease for the first time in 1936 when, 
jn connection with a cold, lie had attacks of dyspnoe accompanied by 
distorting pains in the breast. Since then he has suffered from a persistent 
dyspnoe on exertion that has varied somewhat from time to time, but on the 
whole has increased from year to year. He has had some periods with fever, 
■cough and expectoration, and was then especially tormented. 

In March 1939, a roentgenological »clearing-up» was found at the base 
cf both lungs. The breath, sound was strongly reduced downwards posteri- 



Fig. 9. 


orly on hotli sides. Vita] capacity 3S00 cm®. In April 1942, when ho was 
hospitalised in the Service, tlie examination furnished the following data; 
Inaudible breath sound posteriorly on bolli sides below spina scapulae, with 
deep, enforced !)hyperresonant» percussion note. The X-ray examination 
now revealed a large basal clearing-up without lungmarkings on both 
sides, remarkably larger than in 1939. On the left side no distinct 
boundary towards the structural pulmonary tissue, on the right side could 
be seen the outlines of a large bulla (fig. 9). Vital capacity iriOO cm®. 
Thus, in this case, a pronounced progression of the affection had taken 
place in the course of the last year.. 
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Discussion. . 

All three patients present a clinical and pathological picture 
as well- as roentgenological findings, supposed to be characteristic 
of the bullous pulmonary emphysema. The chief symptom is 
.dyspnoe, accounted for by the anatomical discoveries. This shortness 
of breath will manifest itself in proportion to the size of the emphy- 
semateous bulla — which reduces the respiratory capacity of the 
parenchyma conscquentally — together with the altered circum- 
stances of pressure. Changes in the circulation will ultimately 
contribute to increase the dyspnoe. 

Receding attacks of pain in the breast, accompanied by increasing 
want of breath, seem to be characteristic. These symptoms do not 
declare themselves in all cases however. I'liey are provoked by a 
forced respiration, and find their explanation in an acute overfilling 
of air and increased pressure in the bullae, the filling of which is 
directly dependent on the deepness of the inspiration. It is probable 
that the valvular mechanism works more or less effectively at diffe- 
rent times, and thus influences the size of the bulla (cfr. the 2. case), 
the .subjective sensations and the tendency to attacks. 

The pathogenetic mechanism that produces the emphysema- 
teous bullae in these patients, seems to be quite different from that 

of the socalled ))scartissuebullae)> (Spitzennarbenblasen), or vesicles 

in the connecting tissue. These appear, as one knows, in chronic 
inflammations with development of connecting tissue (tuberculo- 
sis, silicosis etc.), where scarshrinking occasions valves to be formed 
in the bronchioli, (Hayashi, Fischer). The emphy^semateous bullae 
are in such cases as a rule relatively small, although some »giant 
bullaei) have been described in cases of anthraco-silicosis (Wiese 
et al.). It is equally well kno-wn that valvular stenosis, expiratory 
valvular mechanisms in smaller oi larger bronchiae, provoke emphy- 
sema in corresponding parts of the lung. Such cases may occur 
in almost every affection of the lungs, and play surely a greater 
part in the development of different pathological cavities than 
earlier suspected. If such a valvular stenosis is sufficiently stable 
and persistent, the emphysema may assume a bulleous character 
through subsequent atrophy and confluence. 

Bronchography has effectively, in some of the earlier refeme 
'cases of localised bulleous emphysema, evidenced msufficien 
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filling and narrowng of the bronchial lamina “ 

bronchial stenosis (Westermark). This type of secundary bnlleous 
emphysema, based on a tUirons pulmonary affection or an organic 
bronchial stenosis of other genesis, stands pathogenetically m the 
same class as Fischer-Wasel’s vesicles in the connective tissue. The 
fact that they so seldom attain larger dimensions, is probably due 
to fibrosis, which in itself constitutes a hindrance to the growth of 


the blebs-. 

Contraiy to this secundary form, the affection manifests itself 
in other cases, as in those of our patients, as an apparently primary 
malady, without subjectively or objectively traceable signs of 
previous lung lesions. 

Even a patho-anatomical examination (case 1), revealed no signs 
of any other disease, especially no infection, fibrosis or organic 
bronchial stenosis, capable of explaining the genesis of the emphy- 
sema. 

The nature of the degenerative parenchyma, and the general 
spreading of the affection, as in several earlier referred cases (1.4., 9. 
11. 16) and in our first and third case, make it probable that the 
primary cause of the disease lies in the parenchyma and that it is 
due to a general abnormity of the lungtissue itself, especially in the 
subpleural zone. Whether this w'eakness is congenital or acquired is 
impossible to ascertain. It may be that vascular alterations play 
a part. This hypothesis is coiToborated by the fact that the changes 
in view are chiefly localised under the pleura. Experimental inves- 
tigations proved that the valvular effect is brought about, not by 
any organic changes in the bronchiae or by scarretractions, but by 
a functional mechanism — in which the variations in pressure during 
the respiration play the chief part — in connection wth the dege- 
nerative parenchyma at the bottom of the bullae. The greater the 
bulla, the more effective will be the valvular mechanism, in reason 
of the direction imposed upon the bronchiae and of the conditions 
of pressure. This valvular mechanism is important for the progres- 
sion of the disease and for the occurrence of attacks, but the primary 
and essential condition seems to lie in the pulmonary tissue being 
abnormally disposed to degenerate. 

It IS also possible that the cases of this affection described as 

^ wider spreading than expressed on the 
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According to I.aurell, on the other hand, an emphyseniateous 
bulla of some cms.’ diameter should provoke visible changes in the 
roentgenogram, but it occurs equally often that subpleural emphy. 
semateous bullae are considerably larger, wthout occasioning any 
roentgenological changes (cfr. case 1). In some of the previously 
referred cases, one has evidence of protracted chronic bronchitis, 
and the part played by the bronchitis as etiologic factor is discussed. 
In the first as well as in the second case referred in this paper, tliis 
eventuality can be disregarded, no sign of infection having been dis- 
covered. 

As to the diagnosis, the physical findings are the same as by 
pneumothorax, as already stated, and roentgenologically the 
similitude is very great. Demonstration of the atelectatic zone, 
and an indistinct boundary towards the structuial pulmonary 
tissue are important diagnostic hints. 

It is not advisable to proceed to the measuring of pressure, or to 
make a trial with diagnostical pneumothorax as in our second case. 
(J. Lewis interpreted his patient’s condition as a doublesided 
pneumothorax and proceeded to measure the pressure on both sides 
at a time. The patient died some hours later). 

It stands to reason that an internal treatment of this disease 
can scarcely count upon any striking results. Our two last patients 
noted a passing relief from their dyspnoe by use of ephedrinmedi- 
caments. 

The most rational treatment no doubt would be lobectomy, 
where the condition of the pat. otherwise should allow such an 
intervention. Relapses may not be improbable however, because of 
the general character of the affection. 

Theoretically, the patient might be saved out of the dangerous 
situation by the provoldng of an artificial stenosis of the adducting 
bronchiae to the larger bullae. But the experimental trials hitherto 
made in order to bring about an artificial stenosis in the bronchiae, 
have not as yet led to any sure and practically useful methode. 


Summar^y. 

The bulleous pulmonary emphysema appears partly as an attend- 
ing pathological phenomenon of secondary progeny in fibrous lung- 
diseases and protracted bronchial valvular stenosises, partly as an 
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apparently primary affection without any other demonstrable 
preceding or attending maladies. The author refers three cases of 
this last type, one with lethal issue. Taking his point of departure 
in the pathoanatomical and experimental investigations of this 
latter case especially, the author comes to the followng-conclusionst 

1. The primary cause of the illness is to be found in a general 
abnormity of the pulmonary tissue, acquired or congenital. 

2. The emphysematous bullae manifest a character of valvu- 
lar blebs, with multiple valvular mechanisms that are constantly 
formed and deformed in the course of the growth of the bulla. The 


degenerative lungtissue at the bottom of the bulla is of importance 
to the generation of the valves, that are provoked by variations iw 
pressure during the respiration. 

3. The changes in the bronchiae demonstrable on x-ray pictures 
in this last type of the affection, are of secondary genesis. 


Added under the correclion of the proofs. 

Pat. nr. 3 was anew hospitalized in the Sersnce on the 14. of 
February 1943, with a violent attack of dyspnoe, and died within 
24 hours. 

While he was dying, it was proceeded to a measuring of the 
pressure in the large bulla on his right side, in spite of the risque 
of provoking a pneumothorax. Initial pressure -f 10 — 0, After 
exsufflation of 350 cm^ the pressure sank to — 8 — 2. In the 
course of 5 to 10 min. the pressure mounted anew to zero, and 
further to -{-5 — 0, a fact that confirmed the presence of a 
valvular mechanism in the bulla. The post-mortem revealed 
large emphysemateous bullae at the base of the lungs, and an 
extended subpleural emphysema. No pneumotliorax. The patho- 
anatomical investigations confirmed the observations earlier 
referred. 
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From the Dermotolosical Clinic of the (RiWvospitalet) 

Chief: Professor dr. med. IS. Danbolt. 


On Kveim’s Reaction in Boeck’s Sarcoid. 

By 

N. DANBOLT. 

(Submitted for publication February 4, 1943). 


In N. M. 1941: 9: 169 A. Kveim lias given a preliminary report 
of a new, specific cutaneous reaction in Boeck s sarcoid, ^ While 
he was assisting physician at the Dermatological Clinic of the Riks- 
hospital, Kveim made a thorough study of a number of patients 
with Boeck’s sarcoid and the results of this examination will be 
published, probably in 1943, as a supplement to Acta Dermato- 
venereologica (academic thesis). 

Since Kveim left the Dermatological Clinic we have con- 
tinued investigations on the new cutaneous reaction and its clinical 
significance, and in this paper I shall give an account of some of the 
•observations which have been made in the course of the last 2 years. 

The antigen is produced as described in Kveim’s publication. 
Sarcoid tissue, preferably a lymph gland, is crushed under sterile 
conditions and carefully mixed in a mortar with physiological 
saline and diluted with saline to about 1: 10. This mixture is then 
filtered through gauze and sterilized by heating in a water bath to 
■60° for 2 hours, t'udce, at intervals of 24 hours (during the interval 
the mixture is kept in a thermostat). After the sterility has been 
•controlled (by inoculation on blood-agar and broth) and after the 
addition of 0.5 % carbolic acid, the mixture is distributed in 
ampullae in quantities of 0.2 — ^0:5 cm®. Before use the ampullae 

^ With many excellent illustrations. 
iO — Acta med, scandinav. Vol. CXIV. 
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Chief: Professor dr. med. N. Danboll. 


On Kveim’s Reaction in Boeck’s Sarcoid. 

By 

N. DANBOLT. 

(Submitted for publication February 4, 1943). 


In N. M. 1941: 9: 169 A. Kveim has given a preliminary report 
of a new, specific cutaneous reaction in Boeck’s sarcoid. ^ While 
he was assisting physician at the Dermatological Clinic of the Riks- 
hospital, Kveim made a thorough study of a number of patients 
with Boeck’s sarcoid and the results of this examination Mill be 
published, probably in 1943, as a supplement to Acta Dermato- 
venereologica (academic thesis). 

Since Kveim left the Dermatological Clinic we have con- 
tinued investigations on the new cutaneous reaction and its clinical 
significance, and in this paper I sliall give an account of some of the 
•observations which have been made in the course of the last 2 years. 

The antigen is produced as described in Kveim’s publication. 
Sarcoid tissue, preferably a lymph gland, is crushed under sterile 
conditions and carefully mixed in a mortar with physiological 
saline and diluted Avith saline to about 1; 10. This mixture is then 
filtered tlirough gauze and sterilized by heating in a water bath to 
•60° for 2 hours, twee, at intervals of 24 hours (during the interval 
the mixture is kept in a tliermostat). After the sterility has been 
•controlled (by inoculation on blood-agar and broth) and after the 
addition of 0.5 % carbolic acid, the mixture is distributed in 
ampullae in quantities of 0.2— 0.5 cm^. Before use the ampullae 

^ 'With many excellent illustrations. ■ 
med, scandinau. Vol. CXIV. 
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must be shaken well, after which the fluid is d^a^vn up into a hypo- 
dermic needle (not too finely pointed) and the antigen is injected 
intradermally in the skin of the anterior side of the lower arm in a 
quantity of 0.1 — 0.2 cm^. The point of injection is marked and 
controlled for weeks and months. 

In the course of the first few days the skin changes caused by 
the needle and the mechanical effect of the injected mass disappear. 
In healthy individuals (the reaction has been performed upon 
A. Kveim and the present author inter al.) no changes in the skin 
have appeared at the point of injection after weeks, months and 
even years. In the course of the last 2 years Kveim’s reaction -has 
also been performed on 16 patients not suffering from Boeck’s 
sarcoid (5 of these had lupus vulgaris) and in all these cases the 
reaction was negative. 

The continued investigations on the specificity of the reaction 
have thus given results in agreement with those observed by Dr. 
Kveim. There has not been a single case of a positive reaction in 
patients with diseases which after clinical investigation must be 
assumed to have no connection with Boeck’s sarcoid. In one case of 
lupus miliaris disseminatus faciei there was a doubtful positive 
Kveim’s reaction. But as this is a disease which may be closely 
related to Boeck’s sarcoid, the case will not be described in the 
present publication. 

I shall give an account of the result of the reaction in 10 cases of 
Boeck's sarcoid. Seven of the patients had cutaneous manifesta- 
tions of the disease, while this localization was not demonstrable 
in 3 of the patients. The papule caused by the antigen was excised 
and examined histologically in 9 of the patients at various times 
(weeks, months and years) after injection. 

Table I is a compilation of tbe results of the most important 
examinations in 7 patients with cutaneous manifestations of 
Boeck’s sarcoid (as well as a number of other localizations of the 
disease). 

Case 1. Lars Aa, a 48 year old farmer has in the course of the past 8 
years developed slowly growing, brownish-red, cutaneous-subcutaneous 
infiltrations of the face. At the time of the first examination at the Derma- 
tological Clinic he had along the right cheek bone and forward on the right 
cheek a 3 x 8 cm flat infiltration and similar infiltrations, about 2 X 2 cm, 
in the right eyebrow and on the left cheek. Clinical examination of the 
patient revealed nothing further. 
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Roentgenogram of the lungs showed; Doubtful hilus adenitis on the 

• iefuide ^Hands and feet: Small cyst-like clearings in the distal end oUhe 

ulna on both sides and in the left os lunatum. othenvise negative findings. 
R — , Pirquet— , Mantoux with 1/10 mg tuberculin — . 

Kaeim^s reaction: About 1 week after the injection, a brownish-rcd 
nodule began to develope, which after 3 weeks had a diameter of 5 mm. 
This remained unchanged for some time and after 6 weelcs the nodu e 
was excised and examined histologically with the following result: Small 
infiltrations in the corium composed of epithelioid cells with a moderate 
border of lymphocytes. Isolated giant cells of Langhans’ type. 


Resume: This is a typical case of Boeck’s sarcoid wdlh pro- 
nounced cutaneous manifestation. Kveim’s reaction is positive 
since a millet seed sized, bro-wnish-red papule appeared at the 
point of injection in the course of a few' wrecks. This papule wvas 
excised after 6 wrecks and histologically show'cd a construction 
similar to that found in spontaneous Boeck’s sarcoid infiltrations. 


Case 2. Fetter B. is a 40 year old storekeeper w'ho in the course of 3 — 4 
years has developed multiple cutaneous-subcutaneous nodules of the face, 
back, buttocks, upper arms and lliiglis. Examination revealed large, swol- 
len glands in the neck, axillae and groin, but tlioro were no oilier patho- 
logical findings. 

Roentgenogram of the lungs: Enlarged glands in the left hihis. Paren- 
chym congestion in left lung. Prominence of the pulmonary arch. Slightly 
enlarged vessels in the right hihis. Bands and jeet: Negative. 

Wa.R. — , Pirquet — , Mantoux 1/10 mg — . Biopsy from the skin and 
SAvollen gland slio^ved a histological picture typical for Boeck’s sarcoid. 

Kveinds reaction: In the course of the first week a 3 mm brown spot 
developed wdiich became infiltrated in the course of a week. After IR 
days the papule had a diameter of 3 mm, the color was paler. A new 
antigen w'as injected which after 1 week caused a papule of 5 mm’s dia- 
meter, and this remained almost unchanged for 5 weeks wlien it Avas 
excised. Histological examination showed: In a limited area of the corium, 
there are small masses of epitheloid cells and some giant cells of Lang- 
hans’ type. No necrosis. In the peripIieraJ parts a diffuse infiltration of 
ijTnphocytes. 


Resume: Kveim’s reaction is positive in a 40 year old man 
wuth a typical clinical picture of Boeck’s sarcoid. After a few 
weeks a distinct papule developes at the point of injection and this 
papule, IS histologically examined after 5 Aveeks. Its construction is 
similar to that found in spontaneous Boeck’s sarcoid infiltrations. 


a 27 year old typist Avlio in the course of 1 ^ 

g . Tlie left forefinger is broAvnish in color and Uiickened in th 
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Table 1. Kveim’s reaction in patients with Boeck’s sarcoid 


Case 

no. 

Name 

Age 

Localization of 
the cutaneous 
manifestations 

Roentgenfindings 

Lungs 


1 

Lars 

A. 

48 

Face 

Doubtful hilus 

adenitis 

Cystic 

transparencies 

■ 

Peter 

B. 

40 

Face, 

nates, extremi- 
ties 

Swollen glands in 
left hilus. 
Parenchym con- 
gestion in left lung. 

Negative 

3 

Borghild 

B. 

27 

Fingers 

Negative 

Osteolytic pro- 
cessus in several 
finger. 

4 

Hans 

R. 

55 

Left ear 

Bilateral hilus 

adenitis 

Negative. 

5 

Ingeborg 

T, 

36 

Face 

Negative. 

Negative. 

C 

Emma 

B. 

37 

Right leg 

Bilateral hilus 

adenitis. Infiltratio 
pulm. dext. 

Not examined. 

7 

Evelyn 

B. 

28 

Left shoulder 
and both upper 

arms. 

Negative. 

Not examined. 


1 15 mm infiltration and 20 mm erythema. 
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who also have cutaneous manifestation of the disease. 


Pirquet’s 

reaction 


Mantoux 
1/10 mg 
Ituberculin 


Kveim'.s reaction 


Clinical development 


Histological examination of 
extirpated papule 


After 1 -sveek a papule 
which after 3 Aveeks 
had a diameter of 5 
mm. 


15/20 = 


A small papule in the 
course of the 1st week. 
Diameter 3 mm after 
18 days. 


Extirjiated after G weeks: In 
corium infiltrations of epi- 
thelioid cells surrounded by 
lymphocytes. Some giant 
cells of LangJians’ type. 


After 1 Vi’eek a brow 
nish-red papule with C 
mnt diam. Remainded 
almost unchanged foi 
10 weeks. 


Extirpated after 5 weeks: In 
corium small masses of cpi- 
Ihcloid cells, some giant cells of 
Langhans’ type. Peripheral 
diffuse lymphocyte infiltration 


•After 2 weeks a broAv- 
nish-red papule of 4 
mm diam. 



After a fcAV days a broA\’- 
nish-red papule of 3 
mm diam. n grew 
sloAvly and G Avcelo. 
£ was 5 mm in diam. 

iVo reaction the first 2 

'veefo. . After SavccIvS a 
papule AvitJi 


Extirpated after 10 weeks: In 
corium Avcll defined masses of 
epithelioid cells surrounded by 
lymphocytes. Xo giant cells 
but tendency to formation of 
nmnstrous epithelioid cells. 


Not examined. 


ExUrpated after 12 montJi.s; In 
corium a mass of epithelioid 
cells surrounded by lymjdio- 

cytes. No giant cells, no necro- 
ses. 

I4xtirpalcd after J-l months: In 
corium and near the hair follic- 


4iam. This papule avII lIi cells 


uncJianged Id nionihs 
later. 


[Ncg. reaction the first 
6 weeks. 8 1 /, months 
•nler a papule of 3 mm 
32 months after 
piection the papule 
n^as 5 mm in diam. 


iPphocyte infiltration. No 
necroses, no giant cells 

^"''^"^’"ted after Mmontlis; l,^ 
a mass of epithelioid 
cc»'> with small, central 
"ccrosrs and surrounded by 
'ympiiocytcs. No giant cells. 
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region of the terminal phalangeal bone. The nail is atrophic, partly 
sloughed off, the remaining parts are discolored and flaky. The skin has a 
comparatively soft consistencj’-, especially because the terminal phalangeal 
bone is partly destroyed by ulceration (cf. roentgen). On anfemization 
with a glass spatula numerous miliarj’^ foci can be seen in the brownish 
skin. Similar skin changes are found in the left ring finger and the right 
little finger. The latter is misshapen in the form of a spool corresponding 
to the interphalangeal joints, and the skin is browmish, taut and shiny, of 
a soft consistency with abundant miliary foci on pressure vith glass. 

The clinical examination revealed no other pathological findings. 

Roentgenogram: Lungs: negative. Hands: osteolytic processes in the 
fingers, especially in the fingers which show the clinical changes described 
above. Feet: negative. 

Histological examination of the infiltrations of the fingers and the 
extirpated terminal phalanx of the left forefinger: The corium is full of 
numerous masses of epithelioid cells surrounded by lymphocytes. In the 
central parts there is limited necrosis. No giant cells. 

The tissue was inoculated into a guinea-pig but with negative result. 
Direct cultivation of tb. according to the sulphuric acid method also gave 
negative results. 

Wa.R. — , Pirquet — (twice), Mantoux with Vw mg tuberculin gave a 
positive reaction of 15/20 after 24 hours (15 mm infiltration, 20 mm rubor), 
after 48 hours 15/25 and after 72 hours 10/20. 

Kveim's reaction: After little more than a week a distinct brownish- 
red papule with a diameter of 5 — 7 mm developed. This remained almost 
unchanged for 10 weeks, when it Avas excised. The histological examina- 
tion shoAved AA'ell defined masses of epithelioid cells in the corium surround- 
ed by a small border of lymphocj^tes. No necrosis. No tj^pical giant cells 
but a tendency to the formation of monstrous epithelioid cells. 

Resume: In a 27 year old w^oman inflammatory infiltrations 
developed in the course of 1 % years in several fingers AAith de- 
structive processes of the finger bones. According to the clinical 
examination the choice of diagnosis is between a tuberculous process 
and Boeck’s sarcoid. The roentgenological findings AAith osteo- 
lytic processes in the phalanges of the fingers indicate the possi- 
bility of a tuberculous process AAuth a picture in this case very simi- 
lar to spina ventosa tuberculosa. Moreover the patient had a 
positive Mantoux reaction with ^/lo mg tuberculin, while Pir- 
quet’s reaction AA^as negative. The negative inoculation of a guinea- 
pig (and the negative attempts at tb. cultivation) speak against 
the assumption of a tuberculous process. In addition Kveim’s 
reaction is positive. Similar clinical pictures of Boeck’s sarcoid IiaA'e 
also been observed previously at the clinic and have also been 
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described from other clinics, e. g. in the report of the Strassburger 


Consress in 1934. . . . . , 

In this case also the extirpated papule, Kveim s reaction, show- 
ed the same composition as found in Boeck’s sarcoid. 


Cflse 4. Hans R., a 55 year old manager, has in the course of several 
years developed a skin affection localized to the left ear lobe and adjacent 
areas of the external ear. The skin is brownish-red, thickened, wdh numer- 
ous milia and teleangiectases. The consistency is comparahvely soft. 
On pressure with glass, numerous miliary foci can be seen. The physical 
examination of the patient revealed no other pathological findings. 

Roentgen: lungs: bilateral hilus adenitis. Hands and jcci: negative. 

Wa.R. — , Pirquet — , Mantoux with Via tuberculin; neg. 

Kveim’s reaction: After 2 weeks a brownish-red grain-sized papule, 4 
mm in diameter. {The papule was not examined histologically.) 


Resume: In a 55 year old man with a typical picture of Boeck’s 
sarcoid localized to the left ear; Kveim’s reaction is positive witli 
a distinct grain-sized papule after 2 weeks. 


Case 5. The patient is a 36 j^car old woman (Ingeborg T.) wlio in the 
course of 6 months has developed several nodules in the face. Examina- 
tion in the out patient department revealed a bean-sized, bluish-red infil- 
tration on the right cheek, and a pea-sized infiltration on Hie right angulus 
mandibulae. Palpable glands in the neck, under the mandibulae and in the 
axillae. Clinical examination revealed no oilier pathological Undings. 

A biopsy was made of one of the infiltrations and liislological examina- 
tion revealed a composition typical for Boeck’s sarcoid: In the corium 
some sharply limited, some confluent infiltrations consisting of epilhelioid 
cells surrounded by borders of lymphocytes. Isolated giant cells of Lang- 
hans’ type. No necrosis. Tissue was cultivated according to the sulphuric 
acid method for tb, and tissue was also inoculated into a guinea-pig with 
negative results, 

Roentgen: lungs: negative. Hands and feet: negative. 

Wa.R. , Pirquet — , Mantoux with */jo mg tuberculin: neg. 

Kvemis reaction: After a few days there appeared a small papule with 
a diameter of 3 mm. It grew slowly and after 6 Aveeks had a diameter of 5 
mm On control examination j year later there was still a distinct papule 
Avith a diameter of 4 mm. Ea:cisiori; Histological examination revealed a 
nodule in the corium consisting of epithelioid cells surrounded bv lympbocv- 
les. No giant cells, no necrosis. 


Resume: The patient is a 36 year old woman with typical 
cutaneous manifestations of Boeck’s sarcoid, Kveim’s reaction is 
positive after a few days, and a distinct papule at the point of in- 
jecion persists almost unchanged for a year, after which it is 
amine nsto ogically. Specific chronic inflammatory changes 
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are demonstrated, changes similar to those found in Bocck’s sar- 
coid. 

Case 6. The patient is a 37 year old seamstress (Emma B.) who was 
sent to tlie out patient department for an infiltration on the right leg, 
which she had had for about 5 months. Just above tlie malleolus int. on 
the right leg was a limited infiltration of brownish-red color, flat and not 
sharply defined, about the size of a child’s hand. The surface is smooth 
with no ulcerations or scars. Consistency hard and elastic. The patient 
claims slight sensitivity to pressure. Ordinary clinical examination reveal- 
ed no further pathological findings. 

Roentgen: lungs: bilateral hilus adenitis and a bean-sized infiltration 
beyond and below the right hilus. 

Wa.R. — , Pirquet — , Mantoux with Vio nig tuberculin: neg. 

Koeim's reaction: No reaction during the first 2 weeks. Control after 5 
weelcs revealed a brownish-red papule with a diameter of 5 mm. The 
patient did not show up for control and did not return until li months 
after the injection of the antigen. There was still a brouTiish nodule in 
the skin -with a diameter of about 5 mm. This nodule was extirpated and 
examined histologically with the following result: In the corium and the 
vicinity of the hair follicles there are numerous, sometimes isolated, some- 
times confluent masses of epithelioid cells, which ore sometimes penetrated 
and sometimes surrounded by abundant lymphocytes. No certain necro- 
sis nor giant cells. 

Resume: The patient is a 37 year old woman who in the course 
of 5 montlis lias developed an infiltration on the inside of the right 
lower leg which probably should be interpreted as a manifesta- 
tion of Boeck’s sarcoid. (The infiltration was not examined histo- 
logically as in all the other cases.) Moreover the patient has a lung 
affection which both clinically and rocntgenologically points in 
the direction of Boeck’s sarcoid. Pirquet’s and Mantoux’ reac- 
tions are repeatedly negative. In this patient Kvcim's reaction is 
positive, as a distinct papule developed at the point of injection 
after a few weeks. This papule persisted almost unchanged for 
over a year and after 14 months was extirpated. The histological 
examination of the papule revealed changes of a chronic, inflam- 
matory nature. 

Case 7. The patient is a 28 year old woman (Eveljm B.) who in the 
course of several years has develped several bluish-red infiltrations in the 
skin. On the left shoulder and both upper arms, especially on the flexor 
surfaces, are several distinctlj’’ infiltrated, cutaneous-subcutaneous nodu- 
les in the skin, up to walnut size, not sharply limited. The nodules are not 
sensitive. On pressure with glass a number of yellowish, miliary foci are 
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visible. She has some palpable, insensitive glands in neck. The ordi- 
nary clinical examination reveals no other pathological findings. 

Boentgen: tungs; negative. 

Cvtological blood examination; normal findings. 

Histological examination of the infiltrations in the skin. In le upper 
layers of the skin there are small, perivascular lymphocyte masses. Deeper 
in the corium and down to the limit of the subcntis there are numerous, well 
defined nodules whicli are occasionally confluent. These consist for the 
most part of epithelioid cells and in many of them there is a central necro- 
sis. In the peripheral areas, also diffusely among the epithelioid cells, there 
is a moderate infiltration of lymphocytes. There are no certain giant cells. 

Wa.R. — , Pirquet — , Mantoux with Vio mg tuberculin; neg. 

Kveim’s reaction: (The patient lives about 100 km from Oslo and came 
to the out patient department for examination.) The reaction was con- 
trolled after 2 weeks when there was a very slight infiltration and the 


reaction was recorded i)trace?i). After anoilier 2 weeks there was still 
no change in the reaction, nor after 6 weeks. The patient did not 
return until SJ/a months after the injection of the antigen. At the point of 
injection there was now a small broumish papule 3 mm in diameter. The 
patient was again examined 1 year alter the injection of the antigen. The 
papule had grown and was now 5 mm in diameter. It remained uncliangcd 
for another 2 months and was then extirpated. The histological exa- 
mination gave the following results; In the corium there is a mass of 
epithelioid cells. There is a small, central necrosis. Moderate infiltration of 
lymphocytes. No certain giant cells. 


jResumc.' A 28 year old woman has for several years had walnut- 
sized cutaneous-subcutaneous infiltrations in the skin of the slioul- 
der and upper arms. CyLological blood examination and roentgen 
examination of the lungs revealed no pathological changes. Wa.R. 
negative as well as tuberculin reactions (performed several times). 
Tlie clinical diagnosis was Boeck’s sarcoid as it was possible to 
exclude tuberculosis, lymphogranulomatosis, leucaemia, ncoplas- 
mata, syphilis and several other less common diseases wliicli 


entered into the differential diagnostic considei'alions. The hist- 
ological picture of an extirpated nodule from the sldn also .spoke 
in favor of Boeck’s sarcoid. Kveim’s reaction was carried out bid 
gave negative results during the first 6 weeks. After more Ilian 
8 months we had the opportunity to examine the patient again 
and at that time there was a small papule at the point of injection, 
Tins papule grew slowly and wa.s 5 mm in diameter when it was 
ex irpated 14 months after the antigen was injected. The histolorr- 

strated previously m patients with Boeck’s sarcoid. 
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Table 2. Kveim’s readion in patients with Boeck’s sarcoid, 


Case 

No. 

Name 

Age 

Most important 
localization of 
the disease 

Roentgen findings 

Lungs 


8 

Gudrun 

H. 

40 

General swollen 
glands 

Parencliym con- 
gestion basally in 
right lung. 

Negative 

9 

Lorang 

H. 

33 

Uveitis, general 
swollen glands. 

Bilateral hilus ade- 
nitis. Lung conges- 
tion in small spots. 

Not examined. 

10 

Da guy 

K. 

21 

Lungs. 

Parencliym conges- 
tion, diffuse in both 
lungs. 

Not examined. 


In 7 patients described above, all of whom presented the clinical 
picture of Boeck’s sarcoid "with cutaneous manifestations, Kveim’s 
reaction has been carried out. The antigen has caused a positive 
reaction from 1 — 4 weeks after injection in most cases. In 2 pati- 
ents who did not present the classical clinical picture of Boeck’s 
sarcoid (Cases 6 and 7) the reaction was not positive until several 
weeks later, in the last case more than 6 weeks after the injection 
of the antigen in the skin. In both of these patients the reaction 
remained positive for more than 1 year after the injection of the 
antigen. In both cases the papule was examined histologically and 
Avith the same result, as tissue was demonstrated with a histolog- 
ical structure very similar to that found in spontaneous sarcoid 
manifestations. 

The result of Kveim’s reaction has also been investigated 
in 3 patients with Boeck’s sarcoid without demonstrable cuta- 
neous manifestations of the disease (Table 2). 
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but without demonstrable cutoncous manifestations of the disease. 



Kvcim's reaction 


Clinical development Histological examination of 
' extirpated papule 


10/15 1 After 1 week a distinct Extirpated after 2 weeks: 
papule, diam. 9 mm. In corimn small infiltrations 
Unchanged after 2 consisting of fibroblasts {epi- 
thelioid ceils?) and giant cells 

( of the foreign body type. Dif- 
fuse infiltration of lynipjio- 
cytes, fibroblasts and some 
plasma ceils. 


After a few days a Extirpated after (> nieeks: in 
distinct papule, 3 mm the upper layer of the corinm 
diameter. Unchanged an elongated mass of ejiithelioid 
ford weeks. cells with some giant cells. 

.Some lymjihocytes and filiro- 
lilnsls. Xo necrosis. 


After 1 week a papule, Extirpated after r, weeks: In 
mm m diameter. corimn masses of epiUielioid 
I cells surrounded by lyinpho- 
I cyles. Some giant ceils of the 
I foreign body type. 


' 10 mm infiltration and 15 mm erj-lhema. 


rr "■"» '<■ 

groins. At that lime a gland was ev(£ . 

H was comprised of granulalio,, ti<! •"ufological examination, 

cells and large giant cells of LangLnsMTnf "ti^' '^Pif^'dioid 

»Boeck’s sarcoid? tuhercnlos^ist's p-‘ ^ f'mfological diagnosis 

negative. Examination at the Dornmt read ion wa.s repeal edlv 

oHhe Rikshospital revealed o cu^a^n^ ' 

ms versicolor). In the neck avilTal , '""'"^"dalions {except pilvria- 
sifive glands. g^oin ^vore l.ard, imlpable! inZ 

’’“"'''J™ “"foslion „ 

W.o r»? - - » 


JJunas 

2‘f lirs 5/5, after 48 lirs showed nftor 

mm and this was unchanged at ilZol '' ‘f'hmcter of 

papule was ox.irpated^^^d^^;;;^^^ The 2 ‘rk 

tmal examination gave (he fol- 





154 


N. DANBOLT. 


lowing result: In the corium there were small infiltrations consisting of 
fibroblasts (epithelioid cells?) and these infiltrations were partly bordered 
by giant cels of the foreign body type. Moreover there was a rather diffuse 
infiltration of mostly lymphocytes, fibrgblasts and some plasma cells. 

Resume: In a 40 year old woman who for several years has 
had general swollen glands, which contain a granulation tissue 
which has a structure »agreeing with the diagnosis of Boeck’s sar- 
coids there is a negative Pirquet and a weak positive Mantoux’ 
reaction. Kveim’s reaction is positive after a week and after 2 weeks 
the papule is extirpated and examined histologically. It consists of 
eranulation tissue described above in detail. 

O 

Case 9. The patient is a 33 year old man (Lorang H.) who was sent 
to the Dermatological Out Patient Dept, from the Ophthalmological Dept, 
where he was being treated for uveitis. He had no skin symptoms. In the 
neck, axillae and groin there were slightly enlarged glands. 

Roentgen: lungs: Bilateral hilus adenitis, congestion of the lungs 
in small spots. 

Wa.R. — , Pirquet — . 

Kveim's reaction: After a few days a distinct papule of 3 mm dia- 
meter appeared and remained unchanged for 6 weeks when it was extirp- 
ated. The histological examination of the papule revealed: In the upper 
layers of the corium an elongated mass of cells with some epithelioid cells, 
numerous fibroblasts and some giant cells with peripheral nuclei. A few 
lymphocytes among the fibroblasts but no necrosis. 

Resume: A 33 year old man has uveitis, general swollen glands ' 
and a lung roentgenogram which suggests Boeck’s sarcoid. This 
diagnosis becomes even more likely on the demonstration of nega- 
tive Wa.R., negative Pirquet and Mantoux. Kveim’s reaction 
is positive and the papule developed is extirpated after 6 weeks 
and examined histologically. A granulation tissue is found with a 
structure very similar to that found in spontaneous sarcoid nodules. 

Case 10. The patient is a 21 year old woman (Dagny K.) who was 
sent to the Out Patient Dept, from Med. Dept, where she was being 
treated under the diagnosis: Infiltratio pulm. [Boeck's sarcoid). She had 
had a »cold)> for a year wih running nose and coughing. At the Medical 
Dept, roentgen examination had revealed diffuse parenchym congestion 
of both lungs. Repeated investigations were made for tb. in her expecto- 
ration but with negative results. 

Wa.R. — , Pirquet — , Mantoux with mg tuberculin: neg. 

Kveini’s reaction: After 1 week there appeared a brownish red papule 
with a diameter of 4 mm. It remained almost unchanged and after 8 
weeks had a diameter of 5 mm. The papule was extirpated and examined 
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M.lolodcallv ™tl. 1110 following result: In ll.e corium were several mas- 
S ol epithelioid cells bordered by lymphocylcs. There wore also some 
giant cells of the foreign body type. 


Resume: A 21 year old woman has suffered for a year from 
symptoms of a lung affection. Diffuse parenchym congestion was 
demonstrated in both lungs. All attempts to demonstrate tb. in the 
sputum were negative. Pirquet — , Mantoux . Kvcim s reaclion 
was positive and the papule produced was examined histologically 
after 8 weeks. This revealed a granulation tissue of a chronic 


specific nature. 

In 3 patients vlth Bocck’s sarcoid but wlhout demonstrable 
cutaneous manifestations of the disease, Kveim’s reaclion was 
found to be positive and in all the cases the papule produced was 
examined histologically from 2—8 weeks after the antigen was 
injected into tlie skin. In these cases also a granulation tissue of a 
chronic specific nature was demonstrated with a tissue structure, 
similar to that found in spontaneous sarcoid nodules. 

These results of the continued investigations on Kveim’s reac- 
tion fully support the interpretation which A. Kvcim presents 
in his above mentioned preliminary paper, tliat wc arc dealing with 
an allergic cutaneous reaction which is specific for Bocck's sarcoid. 

The antigen used is, as mentioned above, a suspension of !)sar- 
coidi) tissue. We have produced antigen from nodules in the .skin, 
from a finger tip (wth bone tissue) which was penetrated by 
»sarcoid tissuc» (from Case 3) and from swollen glands. It has been 
found that gland material has given the most active antigens. An 
antigen made from an extirpated gland from Case 2 gave a posi- 
tive but slight reaction in the same patient while the same anfigen 
caused much stronger reactions in other patients. A Berkcfcld 
filtrate of a tissue suspension has also lieen tested in order to 
determine whether tlie action of the antigen is dependent upon 
the presence of coipuscular elements. TJiesc investigations are 
not yet concluded, but for tlie present seem to be witliout result, 
possibly because the tissue suspension must be diluted still more in 
order to carry out the necessarj' filtration. 

The antigens we have used have been stored with good results 

Kept m a rctrigoralor they l.ave been just as effective after several 
months. 

Many difficulties arc involved in obtaining sufficient quanti- 
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ties of antigen. Patients ANith Boeck’s sarcoid who have swollen 
glands suitable for extirpation are not so numerous, nor are the 
patients always walling to allow' extirpation. The extirpated gland 
must be examined microscopically in order to determine that it is 
really composed of »sarcoid)> tissue. Part of the gland must also 
be used for cultivation of tb., and part of it for guinea-pig inocula- 
tion. The finished antigen can only be used wdien the ordinarj' 
sterility controls are in order, and after sufficient time has elapsed 
to determine that cultivation of tb. and the guinea-pig inocula- 
tion are negative. The production of the antigen is therefore diffi- 
cult except in departments wdiich have a reasonable number of 
patients wdth Boeck’s sarcoid and wdiere there is also opportunity 
to w'ork in cooperation wdth a bacteriological laboratory. 

It is peculiar that the cutaneous reaction produced in patients 
wdth Boeck’s sarcoid after intradermal injection of 0.1 — 0.2 cm® of 
antigen appears first after several days, in some cases only after 
several weeks. How'ever in most cases a positive reaction wdll mani- 
fest itself in the course of a Aveek. But the papule produced aaiII 
usually increase in extent during the subsequent AA'eeks and in 
most cases reach their maximum development after 4 — 8 w'eeks. 
They usually persist for se\'eral months and can disappear gra- 
dually spontaneously. In 2 of the cases the posith'e reaction 
appeared verj' late. In Case 6 the reaction Avas negath'e 2 AA'eeks 
after the injection but AA'as posith'e wdien controlled 3 AA'eeks later. 
The reaction thus manifested itself as positiA'e betAveen the 2nd 
and Sth AA'eek after the injection of the antigen. In Case 7 the 
reaction AA'as negath'e for the first 6 AA'eeks. Unfortunately the 
patient AA'as not controlled again until 8 months after the injec- 
tion, and at that time a distinct papule w'as seen. These obserA’a- 
tions demonstrate the necessity of controlling the point AA'here the 
antigen has been injected not only for many Aveeks, but for several 
months before the nature of the reaction can be definitely deter- 
mined. 

It is a A'ery remarkable phenomenon that the papule AA'hich 
deA'elopes in patients wdth Boeck’s sarcoid after the injection of 
the antigen, has a histologic structure Avhich in some cases is com- 
pletely analogous AAdth the structure of spontaneous sarcoid in- 
filtrations. Kv'eim has pointed out this phenomenon in his first 
publication. In 9 of the cases referred here the papule w'as ex- 
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amined histologically and in all the cases a granulation tissue was 
demonstrated vnth epithelioid cells, lymphocytes and usually also 
giant cells which in 3 cases were of Langhans’ type, and in 2 cases 
of the foreign body type. The papules examined were of varying 
ages, so that a more detailed analysis of the histological findings 
in this material is not likely to give any particular results. The 
results of the histological examinations of papules produced by an 
antigen which has been injected 14 months previously (Cases 6 
and 7) are of special interest. In both of these cases there were 
epithelioid cell masses with lymphocyte borders but no giant cells. 

The demonstration of a new specific cutaneous reaction for 
Boeck’s sarcoid wll be of significance for the diagnosis of this 
disease, especially in cases where the patient has no t}>pical cuta- 
neous manifestations of the disease. Where the patient has cutane- 
ous manifestations, the clinical examination supported by micro- 
scopical and cultural examinations of extirpated tissue, together 
with the result of the tuberculin tests, wall give a- reliable diag- 
nosis. But w'here the patient has only »internah> localizations of the 
disease, the result of Kveim’s reaction may be of decisive import- 
ance for the diagnosis. 

The new reaction is also of interest in connection with the dis- 
cussion of the etiology of Boeck’s sarcoid. Tlic fact that Kveim’s 
reaction is positive only in cases of Boeck’s sarcoid and not in c. g. 
lupus vulgaris or tuberculids, indicates decidedly that Boeck’s 
disease must be regarded as a disease sui generis. Kvoim’s reac- 
tion is an important argument for this assumption. It is an entirely 
different matter that a striking tuberculin anergi in Boeck’s sarcoid 
shows that the disease probably has some relation to tuberculosis. 
In future discussions of the etiology of Boeck’s sarcoid, Kveim’s 
reaction must be taken into consideration. Further studies of allergic 
reactions in Boeck’s sarcoid will most certainly contribute still 
more to the elucidation of the etiology of this strange disease. 


Summary. 

With reference to A. Kveim’s report in N. M. 1941; 9: 169 an 
account is given of the results of investigations with Kveim’s 
reaction m 10 patients with Boeck’s sarcoid. In all cases Kveim’s 
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reaction was positive. The antigen, which is produced from ssar- 
coid» tissue from lymph glands, is injected intracutaneously in 
quantities of 0.1— 0.2 cm^. After a few days a papule appears which 
grows slowly during the subsequent weeks. In a few cases the 
papule did not develope until several weeks after the injection. In 
9 cases the positive reaction (papule) was extirpated and examined 
histologically. In all cases it was found to consist of granulation 
tissue containing epithelioid cells surrounded by ' lymphocytes. 
Giant cells of Langhans’ type were also found several times. The 
histological picture was very similar to the microscopical struc- 
ture of sarcoid tissue. In 2 cases the papule was extirpated over 
a year after the injection of the antigen and in both these 
cases a granulation tissue of chronic specific nature was demons- 
trated. 

The diagnostic significance of the reaction is discussed. In 3 
of the patients referred here the patients had no cutaneous mani- 
festations of the disease. In such cases, with only »internal» localiz- 
ations of Boeck’s sarcoid, Kveim’s reaction will be of great diag- 
nostic significance. 

The demonstration of a specific cutaneous reaction in Boeck’s 
sarcoid also supports the interpretation that this is a disease sui 
generis, which should not be interpreted as a form of tuberculosis. 


Zusammenfassung. 

Indem verwesen 'svird auf die Mitteilung von A. Kveim in Nor- 
disk Medicin 1941: 9: 169, wird das Ergebnis mitgeteilt einer 
Untersuchung der Kveimschen Reaktion bei 10 Patienten mit 
Boeckschem Sarkoid. In samtlichen Fallen war die Kveimsche 
Reaktion positiv. Das Antigen, das aus »Sarkoid»-Gewebe aus 
einem Lymphknoten gewonnen war, wurde intracutan einge- 
spritzt in Mengen von 0.1 — 0.2 ml. Nach wenigen Tagen bildete 
sich eine Papel, die im Laufe der ersten Wochen langsam vnichs. 
In einzelnen Fallen trat die Papel erst mehrere Wochen nach dem 
Setzen des Antigens auf. In 9 Fallen wurde die positive Reaktion 
(Papel) exzidiert und histologisch untersucht. In samtlichen 
Fallen fand rnan ein Granulationsgewebe, bestehend aus epitheloi- 
den Zellen, umgeben von Lymphocyten. Mehrfach wurden auch 
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Riesenzellen vom Langhanschen Typus aufgefundon Das histoto- 
W groBSe MchUeit aut mit f™. 

Lu des .Sarkoid^Gewebes. In 2 Fallen mrde f “f ”'' 

ei„ Jahr nach dem Setzen des Antigens “ '’“j™ 

Fallen wurde cin Granalationsgewcbe ohromsch spezifischcr Na 

voreefunden. . , , , 

Die diagnostische Bedeutung der Reaktion wird besproclicn. 

In 3 der mitgeteilten Falle batten die Kranken keinc culanen 
Manifestationen der Krankheit. In solcben Fallen, wo das Boeck - 
sche Sarkoid ausscliliesslicb )>intern» lokalisiert ist, kommt 


flor 


Kveimschen Reaktion grosse diagnostische Bedeutung zu. 

Der Nachweis einer spezifisclien cutancn Reaktion bei Boeck’- 
schem Sarkoid bildet ferner cine Stutze dcr Auffassung, dass man 
es bier mit einer Krankbeit sui generis zu tun bat und nicht mit 
einer besonderen Form von Tuberkulose. 


R6sum6. 

En se referant au rapport preliminaire dc A. Kveim, public dans 
Nordisk Medicin, 1941, 9, p. 169, on rapportc ici Ics resullats de 
I’examen de la reaction de Kveim chez 10 maladcs atteints du sar- 
coi'de de Boeck. Dans toutes les observations, la reaction dc Kveim 
etait positive. Avec 0.1 — 0.2 cm^ d’antigene qui a etc prepare 
d’un tissu »sarcoide)> d’un ganglion lympbatiquc, il a 6te fait unc 
injection intra-cutanee. Apres quclques jours, il s’est forme urie 
papule qui a augmente lentement de volume au cours des premieres 
semaines. Dans quelques cas, la papule s’est presentee seulemcnt 
plusieurs semaines apres I’injcction a I’antigene. Dans 9 cas, la 
papule a dte extirp^e et examinee bistologiquement. La biopsic 
a, dans tous les cas, montre une infiltration dcrmiquc composde de 
cellules epitheloi'des entourees de lymphocytes. Plusieurs fois, on 
a observe aussi des cellules gikmtes du type Langhans. Le tableau 
Instologique presentait une grande ressemblance avec cclui du 
tissu »sarcoide.). Dans 2 cas, la papule a dte extirpee plus d’un an 
apres I’injection de I’antigene, et, les deux fois, Texamcn histolo- 
gique a revele un infiltrat cellulairc de memo caracterc specifique 
L’lmportance diagnostique de la reaction est mcntionnee! 
Bans 3 des observations referees ici, les maladcs n’avaient aucunc 
Ac(a med. scandinav. Vol. CXIV. 
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manifestation cuianee de Ja maladie. Dans de .semblables cas de 
localisation exclusivement »interne» du sarcoide de Boeck, la reac- 
tion de Kveim aura une grande importance diagnostique. 

La demonstration d’une reaction cutanee specifique daiis le 
sarcoide de Boeck donne aussi appui a cette conception, qu on se 
trouve, ici en presence d’une maladie sui generis qui,ne doit pas 
etre consideree comme une forme speciale de la tuberculose. 
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From the 


Medical Department ot the University Hospital, Utrecht, 
Holland. 


Myoporphyria 

by 

Prof. C. D. de LANGEN, M. D. 
(Subniilled for publication January 15 , 1943 .) 


In very rare cases one lias been able to .observe an abnormal 
secretion of porphyrin in the urine in .the progress of inflamma- 
tory and degenerative changes of the striated muscular tissue. 
In contrast vdth the opinion that in most cases of abnormal por- 
phyrinformation the blood may be considered as starling- material, 
in these very rare cases the muscle-pigment should be the source 
of the porphyrin which has been fornied and secreted. One sliould 
however bear in mind that clinically myoporphyria is very diffi- 
cult to distinguish from llic otlicr porphyrinurics. Yet this is, a 
very important question in the criiisism of the study of the ])or- 
phyries. It is not impossible that several cases of porphyria 
which haye been described in the literature of the last years must 
be conceived as myoporpliyries. We know so little yet of the 
biological problems which are connected with the musclc-pigmcnl. 
Botli about Ins building-up and demolition we know still very 
little. Important questions, wliclher in its demolition also bil- 
irubin, urobilin or another substance, f.i. the urochromc from 
the urine is formed, still wait for an answer. Certainly it is remaric- 
able that with all the studies about the destiny of hemoglobin one is 
practically not interested in myoglobin, and virtually takes little 
or no account of it in its contemplations. 

An abnormal mobilization of muscle-pigment and its secretion 
in tlie urine is known to us by the name of ))myoglobinuria». From 
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a few examinations it has been appeared that with marchhemoglobi- 
nuria in reality one has to deal with a myoglobin-secretion. Also 
the Haf-disease described in Germany is accompanied by a myo- 
globinuria. With horses the paroxysmal myoglobinuria with 
heavy muscular injury, and paralysis of the hindlegs, is a well- 
known symptom. Now it is not easy to distinguish hemoglo- 
bin from myoglobin. Spectroscopically there is only an extre- 
mely small distinction which can only be fixed by spectrogra- 
phical determination. Presumably the difference is to be attri- 
buted to a somewhat different composition of the globin-com- 
ponent. 

We know from laboratory-research that both under septic and 
aseptic conditions large quantities of porphyrin are formed from 
myoglobin after death. About the question whether such a thing 
also takes place in human pathology, very few communications 
are found. Only a few cases of porphyria have been described, 
of which the investigators thought that those porphyrins did 
not proceed from the blood, but from the muscle-pigment. 

We will communicate here a case of which we may assume 
that we have to deal with a myoporphyrinuria. 

Patient van B. is a still young man of 28 years, field-labourk. 
Two weeks before admission started Avith stomach-ache. This 
appeared in fits, drew up from under the navel, and was attended 
with vomiting. He describes it as typical colic-pains. About 4 
years ago he had similar pains during a short time. These were 
ascribed to the stomach. His bad teeth were them removed, and 
replaced by a prothesis. Between the painattacks he has now 
a feeling of flatulence. These two weeks he has been strongly obsti- 
pated. His appetite has remained good. He has also some cramp 
in urinating, and it has struck him that he often voids but small 
portions. When he has these vesicular cramps, the urine is of a 
somewhat darker colour, but again normally clear between the 
attacks. In particular parts of arms and legs, especially in the 
muscular part, he has also had cramps. Wlien he has these, the 
muscles are painful, when he touches them, and he cannot exert any 
strength with them. A few hours later, when the cramps are past, 
the painfullness has also given way, and he disposes again of 
proper strength according to what he says himself. Yet he has 
become thinner and weaker in these few weeks, and complains 
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about a general impotence. Already through the family-anamne- 
sis the diagnosis became probable, for six years ago his brother 
was in hospital with fairly the same symptoms. The diagnosis 
was then made on acute porphyria. He left the hospital cured, 
has had slight cramps since occasionally, but has for the rest 
always continued to feel well, and has been able to perform his 
work well. Also with our patient a porphyria appeared to be the 
case. In the urine some copro- and large quantities of uroporphyrin 
were found. Beside those a fair quantity of urobilin was present 
in the urine. No anemia existed, the full 100% of hemoglobin 
was found. Number of red bloodcells 5,170,000. There Avcrc no 


symptoms which pointed to a powerful new formation, neither in 
the peripheral blood nor in the fluid obtained by puncture of the 
bone-marrow. The bilirubingrade of the scrum amounted to 0,4 E., 
indirect. At the extremities all reflexes were present, though not 
all equally brisk. Thus the right patella-reflex was somewhat lou-er 
than the left, but the Achilles tendon reflex was equal on both 
sides. The sensibility was undisturbed. 


After daily intravenous administration of large quantities of 

Micmmgluconate, tlie giving of proper doses of natrinnicarbo- 

Tl '■Nominal symptoms gradnnlly decreased 

On the“ther rl "d disappeared, 

other hand more and more cramps occurred. At a fairly quick 

girdrtSoneTif P'’"' “'‘oaider- 

rttSfe rf S «■= Sweater part of 

the left fore arm " fore-arms and hands, especially 

siMlity remained' "T' 

became low but wero penplieral reflexes 

-e no loieXrs“d 

of a few movements and i poliont was only capable 

applied hot,, to arms ;„d t w 

of the symptoms from the ionw part'^ti™! developing 

■ The left fore-arm rvas tl.oror^v A' '’’'S''"- ‘''Sidia. 

the muscles of the pelvis and jf followed 

ai'oulder, then the’^Si shoulde; "'’T. 

and left fore-leg. of a°naralv,k^ a? fore-arm 

hardly spoken. It is remarkable Landiy-type be 

have not joined in it. On the cerebraT oeivical muscles 

cerebral nerves we found no deviations, 
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there -were 'no bulbar symptoms, the diaphragm continued to 
function normally. More than four weeks after the admission the 
process did not proceed any further, and gradually the patient 
recovered. During these four weeks the kidneys continued to 
secrete daily large quantities of porphyrin. Exactly 29 days after 
admission no porphyrin was to be found any more in the urine. 
This cessation of the porphyrinformation was rather sudden. 
Till three days before, daily still large quantities, in three days a fall 
to nothing. During the period of porphyrin-secretion we have 
watched the creatinin-secretion a few times. This was fairly con- 
siderable. How great it has been totally, we cannot say; it was 
rather variable. On the last day, when porphyrin could still be 
indicated, the creatinin secretion amounted still to 550 mgrs. On 
the next day there were still few milligrammes, and three days 
later perfectly negative. Simultaneously Avith the cessation of the 
creatinin-secretion no more porphyrin could be shown. 

During this month, when daily large quantities of porphyrin were 
secreted, the blood-picture remained practically unchanged. 
On the day, when the porphyrin had disappeared from the urine, 
the number of red bloodcells amounted to 5,200,000. 

The urine was generally fairly clearly voided, but assumed, 
when standing over, an intensive dark colour, almost black. It 
is not my intention to go further into the properties of the por- 
phyrins found vith this patient in this communication. I hope to 
describe still further the chemical curiosities attending them. 
Only I will point out here that this brownish, black pigment of 
the urine must fairly certainly proceed from the blood- or muscle- 
pigment; presumably from the globin-component. The secretion 
of this pigment, so little knovii yet did not end so abruptly as 
porphyrin, but was still to be found about a week in ever dimin- 
ishing quantities. 

So we have here to do vdth a case of familiar porphyria which 
we think we should regard as the result of a disturbance in the 
metabolism of the muscle-pigment, and that we must speak of 
myoporphyria. If such a thing has also been the case with his 
brother, may be probable, though at the time this possibility was 
not thought of at the investigation. The disease of this brother 
progressed much lighter, lasted shorter, and it did not cortie to 
heavy paralysis. With him, too, no trace of anemia appeared, all 
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reflexes we mainteined, and no disturbances of sensibility 

'^'^^Thrmost important points, wherefore we think we may con- 
clude in this case to the existence of a myoporphyna, are: • 

Firstly the failing of anemia, and the absence of any symptom 
which points to a powerful regenerative manufacture of new red 
bloodcorpuscles. 

Secondly; the simultaneously appearing strong muscular 
atrophy without there being other symptoms which made the 
diagnoses of a polyneuritis acceptable. Also the process was attended 
with pains which Avere more localised in the muscles than in the 
course of the nerve-stems. The atrophies also appeared in very 
divergent muscle-groups without there being any connection 
Avith the nerve attending to them. Of muscle-groups Avhicli belong 
to one and the same nerve, some muscles Avere affected, Avhcrcas 
others were not. 

Thirdly: the large quantity of creatinin Avliich Avas secreted 
during the course of tive disease with the urine, Avhile this secretion 
ceased simultaneously Avith the termination of tlic porphyrinuria. 
In literature we only find the folloA\ing cases: 

1. Vanotti describes a female patient of 31 Avho suddenly 
fell ill under the image of abdominal porphyria. He found strong 
atrophy of numerous muscle-groups which led to an entire para- 
lysis. 

Also here no symptoms AAdiich made a polyneuritis likely. 
The disease lasted 70 days, and ended Avith deal!]. In spile of the 
large quantities of copro- und uroporphyrin Avhich were daily 
secreted AAith the urine, no anemia appeared, on the contrary, in 
the last Aveeks of the disease even an increase of tlie quantity 
of hemoglobin, and the number of red bloodcells Avas to be observed. 
Vanotti does not mention — alas — if symptoms of a raised activity 
of the bone-marroAV failed. The secreted uroporphjTin belonged 
according to him to the Ill-group. He, too, points out tlie large 
quantities of the hroAVn pigment also found by us wliich AA^as 
secreted Avith the urine. This broAvn pigment Avas to proceed 
according to our opinion from the globinpart of the muscle-pigment. 
In the urine likcAvise proper quantities of creatinin Avere found- these 
Avere maintained till death just as the porphyrin. At tlie obduction 
were found important muscular changes. In most muscle-groups 
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porphyrins could be shown but in a few muscular parts, become 
quite atrophic, they failed. All the myoglobin had already left 
these muscle-fibres. ■ 

2. Meyer-Betz has described a patient with whom similar 
symptoms appeared, but with whom beside muscular paralyses 
a strong hemoglobinuria was observed. The aspect of the disease 
showed according to him great similarity with, the dystrophia 
musculorum progressiva. He points out the distinct connection 
between this myoglobinuria and the injury to the muscles. 

3. Also Paul and Gunther described a similar aspect with 
hemoglobinuria at which the muscles showed a waxy degene- 
ration. Moreover we found in literature two similar cases of Krat- 
zenstein and of Pol. In both cases it was paroxysmal attack at 
which in one case myoglobin, and in the other myoporphyrin was 
secreted. Also in Norwegian literature a case is known in which 
every time after catching cold a porphyrinuria was developed, 
attended with fever, violent stomach-aches and ileussymptoms. In 
these cases it has however not been demonstrated spectroscopically 
that one had to do with myoglobin; no more have creatinin-esti- 
mations been performed, and for the rest, these cases have not 
been sufficiently reproduced clinically either, to give sufficient 
support to the supposition that one has to do here with the muscle- 
pigment, Yet we believe that there are sufficient arguments to con- 
sider, in their cases, also the muscles as the place of formation of 
these globin-pigments. 

When Ave regard now once more some processes of diseases of 
porphyrin-patients, formerly observed by us, facing the possi- 
bility of a myoporphyria and at the same time trace accurately 
the many cases described in literature (espicially the one hundred 
patients described by Waldenstrom in the Acta Medica Scandi- 
navica), then the followng strikes us: 

1. With several of these patients we see that during the attack 
Avith a mortal or not mortal turn no anemia appeared. Walden- 
strom mentions this fact, 

2. In many cases-, also in vere severe ones, any disturbance 
,of the sensibility fails, and in most cases the reflexes were still 
present a long time or less distinctly, also then, when the patients 
were no longer able to use these muscles. Also the order of succes- 
sion in which the paralyses appear, is usually very arbitrary. 
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Most miters mention that the disease progressed under the aspect 
of the Landry-paralysis, but when the development of the parescs 
and paralyses is considered, a really typical increasing paralysis 
is yet most rarely found. 

One gets the impression that among these cases there are 
a rather large number in which a more accurate study should have 
led to the diagnosis of a myoporphyria. But of this possibility 
formerly was not thought virtually and so not further gone into 
at the examination either. 

We have the impression that the aspect of myoporphyria is 
not so rare, and that it will be diagnosticated oftener, if only the 
necessary attention is paid to its possibility of existence. Via 
myoporphyria and myoglobinuria then gradually a greater interest 
nail develop itself for the destiny of myoglobin, on which physio- 
logy, and especially the clinic have so far not lavislied tlieir gifts. 
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Diabetic Coma. 

A 9 year statistical record. 


By 

JOHS. HAGTVET. 

(Submitted for publication January 18, 1943). 


»Diabelic coma remains the 
peculiar problem of diabetics*. 

I. J. P. Joslin (1937j. 

From certain quarters it has been maintained that in recent 
years the frequency of coma has been rapidly declining. This 
tendency is said to have become especially noticeable since the 
introduction of the slowly absorbable insulin preparation Retard 
and after the adoption of a freer use of carbohydrates in the diet. 

From other quarters, on the contrary, it is pointed out that 
coma is still a common occurrence and that deaths in coma 
continue to form a large proportion of the mortality from 
diabetes. 

In 1934 0. Stub published a statistical record of the cases of coma 
treated in the University Clinic med. Dept. A., in the years from 
1924 to 1932. Nine years have now elapsed since that publication 
appeared, and during this period the situation has undergone 
changes in many respects. Our knowledge regarding insulin has 
become more complete. In 1934 came the slow-acting insulin. Retard, 
and later the Zinc-protamin insulin. Dietary treatment has become 
a matter of secondary importance since the freer use of carbo- 
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hydrates has been introduced. The diabetic's lot is being rapidly 
improved:- His life-time is prolonged and his mode of living, 
constantly coming nearer to that of the healthy individual, thanks 
to a more rational systcm of control for diabetics. In the altered 
situation neiv problems are constantly arising. The diabetics noiv 
often reach the time of life when they are subject to the com- 
plications due to advanced age, and diabetic women become 


pregnant. 

The study of the electrolytic changes during acidosis has led 
to the adoption of new views regarding the treatment of diabetic 
coma. Alkali treatment has again come into favour and is the 


subject of lively discussion. 

Wlien now taking up for renewed investigation the material 
at disposal from the University Clinic \ we have clmsen a period 
of nine years in order to get criteria for a comparison with 0. 
Stub’s statistics. By employing the same mode of procedure as 
0. Stub, we believe that an individually serviceable basis of compa- 
rison can be obtained. 


The great majority of the diabetic patients come from the rural 
districts, from the broad valleys of East Norway. Tlie liospiial keeps 
in contact with the patients by facilitating their admission for 
control of condition and for treatment of complications. 

In its general principles the mode of treatment practised in 
the Clinic does not differ particularly, except in dietetic details, from 
that commonly employed at present. It seems that the principle 
of the golden mean has been adopted, the regimen being made so 
simple as possible. The patient’s manner of life is brought as 
close as possible to tlie normal, but he must respect his illness. 
The diet is not »free», but is of varied composition with restrictions 
as regards carbohydrates. The use of large quantities of vege- 
tables has been abandoned, but most of the patients, who, as already 
mentioned, come tlie country districts, are recommended a moderate 
daily amount. The supply of calories shall be limited, but suffi- 
cient to ensure fully capacity for work and an average body wciglil. 
Zinc insulin has been little used. Importance was attached to a 
systematic instruction of the patients in the elements of dicle- 
tics and the main points in the pathology of the disease. Tliis is 

Ivar Bang Memo- 
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Table 1. Number of diabetics treated. 



New admissions; 

Total 


M. 

F. 

Total 

admissions. 

1/6—31/12—1932 


10 

20 

30 

55 

1933 


40 

39 

79 

174 

1934 


47 

41 

88 

130 

1935 


49 

58 

107 

168 

1936 


37 

52 

89 

171 

1937 


51 

57 

108 

ISO 

1938 


48 

44 

92 

184 

1939 


50 

45 

95 

185 

1940 


40 

31 

71 

155 

Till 1/6-1941 


10 

8 

18 

50 


382 

395 

777 

1408 


attained by going through Avith the patient a book published by 
Professor 0. Hanssen for that purpose (2). 

The low carbohydrate diet formerly used, is still • employed 
to a certain extent. When acidosis is not imminent, an attempt 
at »desucration» is made at first. In this way the end in view, 
namely, an adequate adjustment, is not infrequently attained 
more rapidly than by at once proceeding to give full, diet with 
insulin. 

In the 9-year period, from June 1st 1932 to June 1st 1942, 
altogether 777 new cases of diabetes were treated in. Medical Dept, 
A, while the total number of admissions for the disease (1408) 
was about double that figure. Ages; youngest 10 years, oldest 83 
years. The patients are almost equally distributed between the 
two sexes (Table I). While the total number of admissions increases 
from year to year, the number of new cases remains fairly equal 
in the two periods of investigation. 

Sixty-two patients were admitted in a state of coma or precoma. 
In distinguishing between these two conditions we lay chief weight 
upon the purely clinical judgement of the state, regarding the 
varying degrees, of unconsciousness as the resultant of a series of 
pathological metabolic factors, each of which in itself is insufficient 
to account for the acidotic condition. In coma the patient is 
completely unconscious and elaborate measures are demanded 
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From 1/6—1932 

1933 

1934 

1935 

1936 
• 1937 

1938 

1939 

1940 

Till 3/6— 1941 


M. 


4 

4 
2 

5 
3 
0 

6 
O' 
6 
0 


F. 


2 
5 
1 . 
4 

7 

8 
2 
0 
3 
0 


30 


Total 


6 

9 

3 

9 

10 

8 

8 

0 

9 

0 


32 


62 


Whereof died: 


M. 


1 

0 

0 

1 

1 

0 

1 

0 

1 

0 


0 

1 

0 

0 

I 

1 

0 

0 

1 

0 


Total 


1 

1 

0 

1 

.2 

1 

1 

0 

2 

0 


in order to get rid of the acidosis. Wc call it precoma when the 
patient is stuporous, hut reacts to physiological stimuli and can 
swallow liquids. This state may arise whether the alkaline reserve 
is under or over 20 vol. per cent. 

Of the 62 coma patients 9 died, 5 men and 4 women. 

The coma cases are distributed (Table 11) comparatively evenly 
throughout the period of investigation, vith the exception that 
no case of severe acidosis was treated in 1939. The frequency of 
coma, in proportion to the total number of diabetics treated, is 
found to be 4.4 per cent (0. Stub 9.4 per cent). Of the 62 
patients 52 were admitted once, 2 patients twice, and 2 patient.s 
three times. 

Table III shoivs the degree of consciousness on admission. Of 
the 62 patients 11 were comatose, with 7 deaths, while of the 51 
soporous or stuporous patients 2 died, thus illustrating the well- 


Table 3. Degree of consciousness on admission. 



Number; 

.. • 

Whereof lik'd: 

Coma 

n 


Precoma; Stuporous 

18 


Soporous 

33 

0 


62 

9 
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■Table 4. Duration of diabetes when coma set in. 



M. 

F. 

Total. 

Where of died: 

M. 

F. 

Total. 

0 — Yo year: 

7 

6 ' 

13 

1 

1 

0 

Yz — 2 years: 

4 

5 

9 

0 

1 

1 

2 — 4 years: 

7 


. 17 

1 

0 

1 

4 — 6 years: 

2 

4 

G 

1 

1 


6 — 8 years: 

5 

3 


1 

1 


8 — 10 years: 

2 

2 


0 

0 

0 

Over 10 years: 

3 

2 



0 

1 


30 

32 

62 

5 

4 

9 


know fact that the entirely unconscious diabetic has a greatly 
reduced chance of living as compared with the stuporous patient. 
It can at once be remarked that for a large proportion of the stu- 
porous patients the alkaline reserve was so low that at the least 
they come within Joslin’s definition of coma. 

The duration of the diabetes at the time when coma set in is 
seen from Table IV. 13 of the patients had presented symptoms 
during half a year before coma supervened. In this group there 
were two deaths. 

The age distribution among the coma patients is shown in 
Table V. There is a clear preponderance in the younger age- 
classes, half of the patients being under 30 years old and the majo- 
rity of these in their second decade of life. All those between 
10 and 20 years old recovered. Otherwise the deaths are evenly 


Table 5. Ages of patients with coma. 



M. 

TT 

T’rttol 

Whereof died: 



X V UclX • 

M. 

F. 

Total. 

10 — 20 years: 

13 

7 

20 

■ 

0 


20 — 30 j'ears: 

5 

8 

13 


1 

-2 — 

30 — 40 years: 

4 

■ 4 

8 


0 

1 

40 — 50 years: 

3 

6 

9 



.2 

50 — 60 years: 

4 

2 

6 


mM 

2 

60 — 70 years: 

1 

4 

5 



2 

Over 70 years: 

0 

1 

1 

0 

0 



30 

32 

62 

5 

, 4 

9 
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distributed, svitbout the marked ^“rtalily muoug 

patients rvWch is revealed in other slal.sl.cs, including 0. St. 1 s. 
Lker believes that the oldest patient reported m the world lite- 
rature to have recovered was 74 years old. It is seen that among the 
cases of recovery in our hospital there was a still older patient, 
a woman aged 83 (avIio had )iad 16 cliildren). 

men we reckon out the percentage o{ inorlalily from the 
small figures available it is found to lie at 14.5 per cent, as 
compared with 30.5 per cent in Stub’s material. This might pcrliap.s 
])e lakoh as indicating an improvement in llic patients’ chances of 
recovery, although many irrevclani factors may come into play 
in the two groups of material. It is natural to ascribe the impro- 
vement to better control of diabetics. We no longer meet wilh so 
many neglected cases. In a slalislical record from the Mayo Clinic, 
comprising 108 cases of diabetic coma 'Ph. Baker (3) rejiorts a 
total mortality of 15.7 per cent. 

Tlie blood sugar values on admission were as follow.^: 


Table 6. 


Under 500 mg % 

' 500— GOO 

600—700 

700—800 

800— 1 000 

Over 1000 

33 

I iO 

8 

t 

i 

2 

2 

AVJicrcoI died: 0 

1 ^ 


2 

2 

n 


• No correlation could be noted between Die blood sugar and 
the degree of coma. 

The average consumption of insulin was 232 int. units in llic 
first 24 liours, and 104 in the second, with an upiicr limit of 600 
units. For comparison may he mentioned Joslin’s (9) average amount 
of 252 units (in the period 1929—1931). 

Of greater interest is an examination of the inciclenlal causes 
which brought on the stale of coma (Table VII). In most case.s 
the cause is of complex nature, ])ut always seems lo consist in tlic 
use of too little msulin in proportion lo carbobydralcs. Irrcgularilics 
of diet and of insulin led lo coma in 34 cases. In 13of thescca.se.s 
d^lanj mcgularUies alone constituted the main cause. Two pa- 
icuts were liy olher doctors put on .free diet,, which resiillcd in 
w. 1C unfortunate effect of this regimen, or alisciicc Ihoreof. 
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Table 7. 


Group 1: Irregularities of <Iiet and insulin; 

No treatment before coma set in: 
Low carbohydrate diet: 



34 


Group 2: Infections; 

Diseases of respir. tract (colds, rhinitis, angina): 

Pneumonia: 

Dyspepsia, gastroenteritis: 

Gumboil, toothache: 

Pyuria; 

Catarrhal jaundice: 

Abscess + sepsis: 

Phlegmone: 


9 

3 

3 

2 

2 

1 

3 

1 


24 


Group 3; Other causes: 

Pregnancy; 

Apoplexy, nephritis: 



Group 4; Unknown cause (progression of illness?): .... 1 


from a didactic standpoint is that the patient is inclined to loose the 
respect for his disease, which cannot be done with impunity. 

Omission of insulin was the principal cause in six cases. Three 
of these patients suddenly ceased to use the remedy on the advice 
of a well-known quack (homeopath). One of them, a woman, 
actually adopted a diet of pork and cabbage and as early as 24 
hours afterwards showed symptoms of severe acidosis. In spite 
of energetic treatment she could not be roused from the state 
of coma. Two others escaped with their lives in spite of severe 
intoxication. The rapid setting in of grave acidosis observed on 
cessation of insulin treatment was remarkable. It seems obvious 
that the system had adapted itself to the remedy and had allowed 
its defensive mechanism against acidosis to come but of action. 
A woman who, apparently ^vith suicidal intent, -three times dis- 
continued the use of insulin fell each time inte coma or precoma. 

In the same connection must be mentioned the formerly usual 
low carbohydrate diet. As early as in 1899 Jens Bugge, who was 
then Clinical assistant of this department, warned against an incau- 
tious employment of this diet. In the more serious cases of diabetes 
it may lend to coma. In the present material two such cases occur, 
so that the warning must still be said to have actuality. 
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For as many as 15 of the patients admitted in a state of coma 
this was the first manifestation of diabetes diagnosed One o 
them died in that state, that is to say, before the insulin treatmen 
had got a fair chance. In Stub’s material there were 7 such cases. 
This is a point of great importance as regards our prophylactic 
measures against coma. 

The well known effect of infection in bringing on coma was 
revealed in 24 cases. This is a quite regularly recurring observation 
and is of importance for the prophylaxis: The patient gets an inter- 
current infection which brings about anorexia or vomiting. 1 he 
patient (or in a few cases the doctor) tlien concludes that the dose 
of insulin must be diminished, corresponding to the reduction in 
the quantity of carbohydrates consumed. The fear of hypoglycemia 
is greater than the fear of acidosis, and the use of insulin is then 
discontinued in a situation where it is most needed. The result 
of this will very soon be seen. 

Of the 24 infections the majority were sliglit every days mala- 
dies, such as ))colds» and. »influenza». No infection is without signi- 
ficance for a diabetic, but the most dangerous arc those which cause 
vomiting and diarrhoea. Under unfavourable circumstances 
even a toothache may start the wheel of fate, as was the case with 
a 24-year-old diabetic woman. She got a headache one day and 
the doctor, gave her an antipyretic remedy. Tlie next day she 
W'as drowsy and at midday she was found lying in bed in a coma- 
tose state. When admitted to the hospital the same afternoon she 
was moribund. 

Of the 9 patients who died, 6 had an infeetion (sepsis -)- abscess 
of prostate and lungs in two cases; advanced phlegmonc and 
abscess in another two cases; acute Jiepatilis and symptoms sug- 
gesting pneumonia in one case each). All six died in a scpsi.s-like 
condition, some of them far out in tlie course of the illness, at a 
time when the diabetes was well under control, and without acidosis. 
In these cases the infection seems to have assumed an unusually 
torpid character, with little power of reaction in the organism. 
The majority of the coma patients with infection were free from 
fever when admitted to the hospital, so long as the acidosis was 
severe. One must search high and low for a focus of infection in 
s^te of the temperature being normal. The counting of leuco- 
cytes fails to give any guidance in this respect, seeing that up to 

— Acta me'd. scandinav. Vol CXlV. 
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50.000 white blood corpuscles per mm^ may be found ,in non- 
complicated cases of coma. 

Two of the comatose patients were pregnant. The tendency 
to acidosis in such women is a well-known .experience, and calls 
for great vigilance, even when there are no complications. With' 
the doses which keep the blod sugar well controlled, distinct 
symptoms of ketonuria may often be observed. 

One patient showed hypophyseal changes (small sella turcica), 
and pronounced hirsutism (beard and abnormal hairiness of the 
body). 

The observations and practical conclusions which we derive 
from statistics and which at any rate hold good for our clientele, 
are the following: 

The frequency of coma is still great, even though it is decreas- 
ing. The percentage of deaths lias been reduced, probably because 
the patient come under treatment at an early stage. Among the 
causative factors, infection play an important part, especially for 
the malignant forms of coma vvhich results in death. While much 
improvement has already been attained in the care of diabetics, we 
can still have hopes of saving several lives by further development 
of the systematic supervision of such patients.- Both patients 
and doctors must be prepared to pay closer attention to the insid- 
ious approach of coma under the mask of commonplace maladies. 
It is a mistake to refrain from giving insulin to a patient -with 
acidosis until he has been conveyed to the hospital. On account 
of the long distances in Norway’’ the general practitioner may 
be obliged to undertake the first treatment of the patient himself. 
If small doses of insulin' (5 — ^10 Leo units) are given every hour 
or half-our, with frequent examination of urine, the danger of 
hypoglycemic shock vvill be small, and can be still further reduced 
by injections of glucose. 


II. 

As a result of investigations made in the last fe-vs’ decades, 
especially by Van Styke’s school, the term acidosis is now being 
given an extended signification. Acidosis is defined as a disturbance 
of the organism’s electrolytic balance of its acid-base equilibriiun. 
Acidosis is an attack directed against the regulation-mechanism 
for the maintainance both of the. hydrogen-ion concentration and 
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the osmotic pressure, as well as the mutual chstnbutmn ofihe 
electrolytes of the body fluids. Practically speaking, all e ectro- 
lytes are influenced, but the disturbance affects especially the 
distribution of the anions. With any marked degree of acidosis 
the fixed alkalies are reduced and the coma is the result of a loss 
of bases which causes profound disturbances in the activity of 
the cells, not least in the kidneys, ^^uth the secondaiy consequences 
resulting therefrom. The coma must be treated from biochemical 
standpoints. 

In this material, the alkaline reserve in 52 of the coma patients 
was determined at the time of admission. The average at that 
time was 20.5 vol. per cent. Deducting the patients to whom 
insulin was given some hours before admission, the CO« combining- 
power was 18 vol. per cent. (Baker’s statistics: average alkaline 
reserve on admission 15 Vol. per cent.) Joslin fixes the limit for 
coma-precoma at 20 vol. per cent. 

No constant relation between alkaline rcserv'c and degrees 
of unconsciousness is found to exist in our material. At any rate 
20 vol, per cent was not a certain limit. The lowest value., 0 vol. 
per cent., was noted in the case of a liospital nurse who was just 
barely soporous. Comatose patients might be found to have values 
over 25 vol. per cent., and another nurse, who was luicc admilleci 
to the hospital in state of precoma, was equally soporous with 
13 as with 25 vol. per cent. The younger patients can evidently 
tolerate a low alkaline reserve better than the older; palienl.s 
with infections become rapidly soporous. 

The relation between alkaline reserve and mortality is illus- 
trated by Diagram 1. The cases in our material arc loo few 
to admit of drarving any definite conclusions, but no fixed corre- 
lation can be said to exist. The same also appears from Baker’s, 
statistics. 


During treatment uith insulin and salt solution tlic CO 2 coinbf- 
ning-power increases steadily and until comparative rapidit 3 % at any 
rate to a certain level. Ncvcrllielcss it is a clinical experience, 
tvluch we have often noted in this material, thnl complete rcstilu- 
t.o„ sometimes fails to tahe place in spite of energetic treatment. 
Chmcally we then find that a certain degree of hypetpnea persists, 

not . general condition of the patient does 
not keep pace vnth the chemical improvement in Mood sugar and 
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ketonuria. The sensorium does not clear up satisfactorily. The 
therapeutic measures demanded as a logical consequence of these 
observations (peroral or parenteral administration of bicarbonate) 
were adopted long before the study of electrolytes became general. 
As early as in 1910 Professor Olav Hanssen in this hospital was 
the first in Scandinavia who restored a comatose diabetic to con- 
sciousness by treatment with alkalies (3). In a monograph published 
in 1911 (4) he sums up as follows: »In case of acute diabetic in- 
toxication administration of alkalies may bring the patient over 
the critical stage.» 

The indications for use of the treatment in our department have 
been: 1) Extremely low alkaline reserve values, mostly under 15 
vol. per cent. 2) The fact that the alkaline reserve fails to show 
signs of full restoration after glycosuria and ketonuria have dis- 
appeared. Special attention is paid to the behaviour of the senso- 
rium and the respiration. The bicarbonate was administered in 
isotonic solution (1.3 per cent) or in 5 per cent solution, sterilized 
in seltzer bottles. When the patient is conscious, we preferably 
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give the bicarbonate per os. In recent years avc have employed 
Palmer and Van Slyke’s monogram for the dosage. 

In 9 of the 62 cases bicarbonate. treatment has been carried 
out methodically. In most cases it is recorded in the case report 
that the general condition improved and the respiration became 
natural directly after use of the remedy, the alkaline reserve 
becoming normal. 

The reaction of the urea during acidosis was carefully followed 
in case of 24 patients by means of tests made at regular intervals. 
On the day of admission the content of urea in these patients 
varied as follows: 


Table 8. 


Under 50 mg p. c. 

50 — 100 mgp.c. 

(00 — 150 mgp.c. 

150 — 200 mg p.c. 


, 

G 

7 

• 

5 

WiilWB 

1 

.3 

2 


In many cases the alkaline reserve and the blood urea varied 
in inverse order, but this was not always the rule. The chlorides 
also probably take part in this interaction, but there were made 
no sufficiently systematic tests to permit of a closer discussion of 
the correlation. The importance of urea retention undoubtedly 
differs according to whether the total base values arc reduced or 


not, whether the retention occurs during dehydration or later. 
Azotemia persisting or actually increasing in the post-comatose 
stage has for us ahvays been an ominous prognostic sign. 

Of late years we have devoted more attention to the behaviour 
of the chlorides, especially in the cardiovascular forms of coma. 
Peters and Ins collaborators (7) in America (1925) and Professor H. 
alvesen’s (6) publications in America and lierc in Norway have 

wJ'n " '''■'"•“Ics as an important regulator of 

neutrality They also lay most stress upon the loss of bases, svith 

onsequenl profound disturbances of the electrolytic balance 

btarboirr'" “■'“nlralion of 

of el Ses ini?® r!,™'"' 

0 the ketonie acids ,s taken from 11, o chlorkles, rvhereby n snvinff 
ot bicarbonate is eftpHoU ti... 4 - ■ ' ‘'■‘v a 5>aYmg 

IS eitecled. The action on the electrolytes of the 
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blood depends on the severity and duration of the ketonemia, 
so that a slow development during a rather long period usually 
affects especially the chlorides. Salvesen draws attention to the 
low total-base values and the hyponatriemia in grave forms of 
acidosis. Saline infusions have not only the effect of stopping the 
process of dehydration, but also a direct neutralizing action owing 
to the quantity of sodium given off by the salt. 

The chlorides will be the direct point of attack for therapeutic 
measures when the reduction is so great that it is not checked by 
the chloride present in the quantities of saline solution usually 
administered. In cases with anuria and threatening circulatory' 
collapse high degrees ofhypochloremia have been observed. Rooth(5) 
has reported from Joslin’s clinic several cases of coma wdth severe 
azotemia after intravenous injection of 60— ISOcm^ of 10 %NaCL. 
This course is recommended in cases where the anuria is not remedied 
by administration of large quantities of saline solution. ’ 
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In our material we have an 
disturbance, where the action 
had a convincing effect. 


example of complicated electrolytic 
of. salt solution and bicarbonate 


■ A. B. — Woman aged 73. * ■ „ 

In 1921 diabetes mellitus was diagnosed. In 1937 she began to use 
insulin 8 U. of regular Insulin in the morning. On admission to the hos- 
pital the same year she was found .to have hypertonia. 200/100 mm Hg 
and slight albuminuria. She was treated with 32 U. Retard and a mixed 
diet with about 90 g carbohydrate. During this treatment she excreted 
small quantities of sugar. No ketonuria. Before admission for the second 
time, in 1941, she' had for about six months presented symptoms of gall' 
stone. After b.eing free from symptoms for two weeks she got a typical 
attack of cholecystitis,' with shiverings, temperature approaching 39° C, 
increasing serum-colour, as well as pains and tenderness under the right 
costal arch, vrbere an enlarged gall-bladder could be palpated. ‘No vomit- 
ing. After five days the attack subsided. During the whole time the 
supply of salt solution was kept at over 2000 cm®. The diuresis varied 
between 1000 and 100 cm®. The blood sugar content was kept well regulat- 
ed, and there was no ketonuria. 

In spite of freedom from fever and pains and the abatement in sym- 
ptoms from the bile ducts, the patient sank into a drowsy, state, became 
soporous, unclear and sometimes disturbed in mind. The albumen reac- 
tion in the urine became and remained more strongly positive. The blood 
pressure fell to 145/80 mm. No change in respiration. She began to itch 
verj' much, and her breath smelt of urine. The diuresis diminished and 
attacks of vomitting set in. A blood-urea test now showed 423 mg .per 
cent, the alkaline reserve was 17.6 vol. per cent and the chlorides in serum 
85.8 milli-equivalents per litre. A copious parenteral administration of 
salt solution was now commenced, with addition of almost every day of 
50 cm® of 10 % NaCl and 250 cm® of 5 % NaHCOj intravenously. The 
reaction of the diuresis and of certain constituents of the blood is shown in 
the diagram (No. 2). 

The clinical effects of administration were highly convincing: During, 
or immediately after injection of the solution of salt and bicarbonate the 
patient woke up, became clearer in mind and began to take drink of her 
own accord. The diuresis did not increase materially until the 5th day 
after commencement of this treatment. 


After the lapse of 14 days the clinical remission was complete, and at 
the same time the blood values became normal. During the whole course 
of the treatment the blood sugar was well ' regulated and there was no 
ketonemia. In the later courses the renal functions were found to be normal 


Of cardiovascular forms of coma we have in these nine years 
treated three cases in which symptoms from the circulation or from 
e neys dominated. .. In others the cardiovascular element 
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manifested itself by falling blood pressure, week pulse, oliguria 
and bad general state of health. Energetic treatment ^\1th insulin 
and salt solution eventually remedied the condition. One patient’s 
case was almost hopeless, when w^e gave him a transfusion of 
blood with striking effects. 

In one case the renal function was tested during the coma by 
urea-clearance. It had been reduced to about 20 per cent of the 
normal. After recovery from coma the functioning was found to 
be normal. 

Diabetic acidosis still presents a number of unsolved problems. 
There is reason to beleive that further study of the electrolytic 
displacements in coma may furnish data for an improved method of 
treatment. 


Summary. 

1. The author has made a statistical examination of the cases of 
diabetic coma treated in the medical department A of the University 
Clinic, Oslo, Norway, in the period from 1932 to 1941. Altogether 
777 diabetics were treated, the total number of separate admis- 
sions for the disease being 1408. Sixty-two of them were admitted 
in a state of severe acidosis, the youngest being 9 and the oldest 
83 years old. Compared vith the records of the preceding 9-year 
period from the same department the frequency of coma shoA^ 
a decrease, from 9.4 to 4.4 per cent., and the mortality from coma 
has fallen from 30.5 to 14.5 per cent. 

2. The average alkaline reser\^e on admission was 20.5 vol. 
per cent (Adjusted: 18 per cent). No fixed correlation is found 
to exist between alkaline reserve and mortality, nor between 
the degree of unconsciousness and the alkaline reserve. In 
advances age and in case of infection coma may rapidly supervene. 

Bicarbonate treatment was employ^ed in about 15 per cent 
of the cases. The indication for such treatment were 1) low alkaline 
reserve (mostly under 15 vol. per cent) and 2) incomplete restora- 
tion in the post-comatose stage. 

3. The practical experiences and conclusions drawn from perusal 
of the case-records go to indicate that much can still be gained 
by prophydactic measures. Information both from patient and 
doctor as to measures adopted in case of complications, and espe- 



VlM.tHC COMA. 


18 H 


r'r.h'v C.f HifriUon, is st}!I neiMlfd. For a !argc’ proportion of the 
jr.'a. nts (ir) out of f.2) (otna was the first manifestation of (iial)ctcs 
d, 

-5, in a r.SM- of cnnliovasruhir coma a (Jramalic improvement 
v.;,s oMaineil hy tr.ansfnsion of blood. Tiic electrolyte disturbances 
in dialx lie acidosis is mentioned, A case with complicated electro- 
tysic di'-turbanre is described. The modern methods of acidosis 
Src.'djiK nf comjirise re|fular esaminations of alkaline reser\’e, urea, 
bh'iid chlorifics and total-hase metabolism. 


Literature. 

I. O. Stulc Tids^Ur, t, d. n. t-T^eforeninp. No. 3. 1933. — 2. 0. Mans- 
« ■ re S'u!;k«‘r; yke. O. N'ordli.e forlnu. O.do. — 3. O. llan.-^.scn: Kor.sk f^lagazin 
f. t-‘ e' vid, J910. 91'n, — t. 0. Ilans.'^en: il)id. pag. 1911. — .'j. Rooth; 

T A. .'d. .\. ins: r*J7. 1937. — o. S;dvc\*:en, II: Kor.ck Mag, f. I>fcgcvid. p, 
112!. lt'27, — 7. Petor.'--, Biiigerel atii: .lourn, Clin. Invest. 13. 107. 1925. 

.s.^ l!..t< r, Tiiomas W.: Arch. Int. Med. . 5 S: 373 . 1930 . — 9 . .lo.slin, E. P.: 
Til" 'rri'.itnent »>f l)i;ili<--le.K Mcllitu.c. 1937 . 



Acta Medica Scandinavica.. Vol. CXIV, fasc. II, 1943 

■ - ' ' . ■ / 

From the Institute of Pathology, Kommunehospitalet, Copenhagen 
(Chief Pathologist: Svend Petri, M. D.) 


On the Changes Produced by Experimental Re- 
section of the Fundus of the Stomach in Pigs/ 

By 

SVEND PETRI, FLEMMING N0RGAARD, KJELD TRAUTNER 

and WILLIAM KI/ER. 

(Submitted for publication January 18, 1943). 


Introduction. 

In pups, total gastrectomy (including resection of the Brunner- 
gland area of the duodenum) produces constantly a severe, most 
often chronic, fatal neurocutaneous symptom complex — »experi- 
mental endogenous (gastroprival) pellagra» (Petri and collaborators, 
1936). The lesion which subsequently has proved constantly repro- 
ducible in pigs too (after total gastrectomy alone) is clinically and 
morphologically identical with pellagra in man and with feeding 
pellagra in swine and dog. 

Through a number of years efforts have been made to elucidate 
the causation of the experimental endogenous pellagra through 
three concurrent groups of experiments, some of which have been 
concluded and published, while others are still going on. 


Read before the Danish Pathological Association on October 14th, 1942. 
The studies reported here were carried out with grants of aid, first from the 
Michaelsen Fond, later from P. Carl Petersen’s Fond: for a couple of years they 
were continued by private means and now they have been concluded with aid 
from King Christian X’s Fond. 

Iranslated from the ap 1 by Hans Andersen, M. D. 
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These experimental groups include investigations on: ^ 

1) the results of the same operation performed on anima s 
of different species, (total gastrectomy on pups, pigs, kittens and 
young rats); 

2) the results of various, single or combined, elective resections 
of the stomach and small intestine in animals of the same species 
(pups, pigs); and 

3) the amenability of the gastroprival pellagra to treatment 
with various therapeutics, primarily the injectible vitamins B (pups, 
pigs). 

The studies reported in the followng were commenced 6 years 
ago by one of us (Petri), aiming by subtotal or total elective resec- 
tion of the fundus (on pigs) to elucidate the etiological significance 
of the fundus region to the appearance of gastroprival pellagra. 
The central nervous system from the older part of the material 
has been dealt vdth by Norgaard in his dissertation on )>Histological 
Changes in the Central Nervous System in Experimental Endo- 
genous Gastroprival Pellagra in Sivine and Dogo (iMunksgaard, 
October 1942). Further, the liver material from some of the exper- 
imental animals has been used in our studies on the significance 
of the fundus region to the formation of the antipernicious-anemic 
principle of the liver (Petri and collaborators, 1941). 


Previous Investigations. 

1 

Previously experimental resection of the fundus has been per- 
formed only on dogs. 

Petri and collaborators (1935, 1936) obsen>-ed in a very young, 
full-groivn dog that this operation was followed in 4 months by the 
development of relatively mild normochromic and normocytic 
anemia which subsided somewhat in response to the following 

iron treatment (5 months) and subsequently increased again (3 
months). 

Vlados and collaborators (1936) produced in 16 dogs [with an 
observation period of 6 months (?)] a hyporegencrativc anemia 
which appeared immediately after the resection and gave values 
as low as 40 % below the initial values, but spontaneous remis- 
sions appeared after 2-3 % months, and the bone marrow was 
normal; no other changes were noted. 
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Writers’ Investigations. 

Material, Technique, Observation Period, Diet. 

The material comprises 22 pigs, 8 of whom were submitted to 
subtotal resection of the fundus, 14 to total resection. i On some 
of these animals the development and course of the clinical and 
morphological changes were followed (7 animals with subtotal 
resection, and 7 with total resection of the fundus) — cf. A under 
))Observation Periods. After a shorter or longer primary observation 
period the remaining animals were transferred to various therapeu- 
tic experiments (1 animal with subtotal resection, 7 with total 
resection) — cf. B under sObservation Periods, — forming thus a 
clinical supplement to the first-mentioned group. The results of the 
therapeutic experiments will be reported in a subsequent paper. 

Operative Technique. 

As usual, the pigs were operated on at an age of about 8 weeks. 
In the first cases the fundus resection was performed on the basis 
of Meulengracht & Soeborg Ohlsen’s schema of the extension of 
the fundus region in the stomach of the swine (1934). 

Correspondingly, a fairly large, tongue-shaped middle area was 
excised from the anterior and posterior surfaces of the stomach, 
its base covering about two-fifths of the greater curvature, whereas 



Fig. 1. Schematic presentation of the distribution of the cardia, fundus and 
pylorus glands in the stomacTi of swine (Meulengracht & Soeborg Ohlsen, 1934). 

^ An additional pig (No. 27) on which subtotal resection was performed, and 
which was observed only for 47 days (died with an abscess of the lungs) is not 
included in the account of the experimental material. 
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the area near the lesser curvature (in the cardia as well as m the 
p^orus) remained intact. Confident about the practmal senucea- 
bmty of this schematic topographical map of . the stomach we d 
not consider it necessary to check up these findings by histologic 
examination of the resection specimens. On autopsy, however, 
the animals were found to present a remnant of the fundus, show- 
ing that, contrary to our expectations, the resections had been 

merely subtotal. 



Fig. 2. Part of the stomach removed in total resection of the fundus (No. 124), 
showing the extension of the fundus region (black area). Tim lower border of 
the specimen is made up of the greater curvature; at the middle of the upper 
border, a part of the lesser curvature is seen. 


In subsequent experiments, therefore, the extent of the resec- 
tion was increased somewhat, being made as a regular transversal 
resection of the stomach. Of the greater curvature now a little 
more of the proximal part was removed; of the lesser curvature, 
only the distal two-thirds was left; the proximal incision for the 
resection passing just to the right of tlie oesophagus. 

From the histotopographical examination of tliese later, resec- 
tion specimens it is evident tliat the fundus region, including its 
transitional zone (about % cm in vidtli) has been removed com- 
pletely together with the adjacent border of the cardia and 
pylorus (varying a little in wdth). The fundus region presents 
certain variations as to size, form and location, tlie details of which 
will not be entered into here. As to the technique of the operation, 
the greatest difficulty in the extirpation is presented by the process 
of the fundus region extending towards the oesophagus. 
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Observaiion Period. 

^ f 7 pigs with subtotal resection: min. 128 days; max. 499; aver. 3i4 
■ I 7 » » total » : » G7 » ; » 379; » 234 

g f 1 9 » subtotal » ■ : 194 

’ I 7 0 9 total » ; 9 124 9 ; » 252; i 195 

General Experimental Conditions. 

In this respect the present experiments correspond precisely to 
our previous experiments. For most of the animals the diet has 
consisted of crushed barley,- crushed red maize, rye bread, milk, 
porridge, boiled potatoes and an addition of lime mixture and cod 
liver oil, now and then beets too. During the last year, when 5 
of the pigs were submitted to total resection outer conditions have 
necessitated a modification of the diet, substituting the two first- 
mentioned components by larger amounts of bread and potatoes 
together with vegetables. 

Experimental Results. 

Subtotal Resection oj the Fundus. 

[8 pigs: No. 25 (observation period 499 days), 26 (128), 29(345), 30(461), 
45 (224), 46 (217), 48 (324), and 47 (194); the last one (No. 47) was subse- 
quently transferred to a therapeutical experiment.] 

Clinical Changes. 

In 4 of the animals only a transitory inhibition of gro^vth was 
observed, together vith minor changes in the blood picture. 

In one of the 4 other animals (No. 26), these changes were 
associated with certain, rather severe, changes in the central 
nervous system, characterized especially by motor impairment. 
This condition may be designated as subacute pellagrous myelo- 
pathy. 

In the remaining animals (Nos, 45, 46, 47) the usual inhibition 
of growth and minor changes in the blood picture, which appeared 
about 1 % months after the operation were accompanied by 
emaciation and changes in the skin and hair, whereas no clinical 
changes in the central nervous system could be demonstrated "with 
certainty. The pellagrous symptoms remained stationary in No. 47 
which subsequently was transferred to a therapeutic experiment; 
the two others showed respectively complete and almost complete 
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remission of the inhibition of growth and the skin and hair changes. 
This condition may be designated as stationary and partially re- 

mittent, chronic pellagra, respectively. ^ 

The appetite and defecation Avere normal m all the animals. 
Only one (No. 26) died spontaneously; all the others were killed. 

From the weight curves (Fig. 3) it is evident that a moderate, 
exceptionally, a more pronounced, inhibition of groAvth has asserted 
itseK for 5 — 10, less frequently 15, weeks after the operation 
arid this phenomenon Avas observed in every case. After this the 
groAvth has proceeded about normally throughout the observation 
period in the 7 animals, whereas the growth remained inhibited in 
one animal. 


Changes in the Blood Picture. — At one point of time, all the 
animals Avere anemic, most of them persistently. In Iaa'o of the cases 
the anemia Avas aggravated temporarily. At the time they Averc 
killed (or died) 7 slioAved a slight or moderate anemia, 1 a slight 
degree of isolated hypcrchromic anemia. The anemia aa'os slightly 
hypochromic (2) or slightly hypercliromic (5), AAnth a tendency to 
macrocytosis (1) or normocylic (6). The isolated hyperchromia Avas 
slightly microcytic; at a previous juncture this animal had shoAvn a 
moderate hypochromic anemia. 

The white blood count AA'as decreased (3), increased (4) or 
unchanged (1); the terminal values Avere: min. 8120, max’. 20,760, 
average 15,355 (the initial values Avere min. 9640, max. 17,320, 
average 12,820). 


Morphological Changes. 

Macroscopic. Apparently normal conditions -were seen in all tlie 7 
autopsied animals. 

Stomach: The size of the resected stomach varied, being the least in 
the animal with the shortest observation period (No. 2G), largest in 3 of llie 
4 animals with the longest obserAmtion period (Nos. 25, 30, 48), and of 
intermediate size in the remaining (Nos. 29, 45, 46). So, on the Avhole, tlie 
variations in the size of the stomach are proportional to the length of Die 
animals. The greater curvature measured 19 % cm (No. 26), 31—35 cm 
(Nos. 29, 46, 45) and 44 y,— 481/2 cm (Nos. 48. 30, 25). The ’form of Die 
s omach corresponded fairly well to the normal. On the mucous surface 
the area covered by squamous epithelium at the inlet of the oesophagus was 
found to be increased in extension, and a larger zone of cardio and a smaller 

.-oscc- 
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formed at the age of 8 weeks. 

The punctate curve (No. 47) corresponds to the 1’ observation period for this 
pig which — in contrast to the others — was transferred to a therapeutic 


experiment. 

The mark to the left, at the level of 90 kg., indicates the normal weight of a 

swine 6 months old. 
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subcutaneous oedema, and a certain degree of spontaneous remis- 
sion. The appetite and defecation were normal; and a terminal 
diarrhea was seen only in the animals most affected. 

In the remaining 2 animals, with a shorter observation period 
(Nos. 124 and 134), clinical pellagrous changes were very scanty 
or absent. 
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hypertrophy ^vas least pronounced in T^o. 26, moderate in numbers 45 46 
and 48, pronounced in Nos. 25, 30 and 29. Like the duodenal mucosa the 
gastric mucosa appeared otherwise normal, in particular, there was no 
increase in the lymphocyte content. The thickness of the mucous mem- 
brane appeared to he a little less than normal in the cardia, greater than 
normal in the pylorus. 

The bone marrow showed normal conditions, corresponding to the age 
of the animals. Thus, after an observation period of 217 days (age of the 
animal about 275 days) the marrow as a rule was completely free from 
specific cells in the tibia and in the femur too. At about the same time, the 
proportion between marrow and fat cells in the vertebral bodies was 1:1; 
and this proportion kept fairly constant, even for the longest observation 
period, 499 days (age of the animal about 535 days). 

Central nervous system: Thorough histological examination was carried 
out on 4 of the animals (Nos. 26, 29, 45, 46). In the remaining animals a 
control examination was made on the spinal cord. As to the nature of the 
changes, see below. The degree of these changes was marked in No. 26, 
rather slight in Nos. 45 and 46. The other animals in this group showed 
no changes in the central nervous system. 

The other organs showed normal conditions except for certain slight and 
inconstant changes which appeared independently of the observation 
period and the size of the fundus remnant. These changes consisted in an 
increased content of eosinophil leucocytes in certain lymph glands (mesen- 
teric) (Nos. 45 and 48) or small abscesses (No. 26); acute cholangitis (No. 26) 
or chronic periportal inflammatory infiltration (Nos. 26 and 48); com- 
mencing fibrinous ulceration of the mucous membrane of the small intestine 
(No. 26) or an increase in the number of eosinophil leucocytes in this struc- 
ture (Nos. 29 and 46); hyperkeratosis and subacute dermatitis (Nos.45 
and, partially, 46). 


Total Resection of the Fundus. 

[14 pigs: No. 110 (observation period 379 days). 111 (258), 121 (210), 
124 (166), 130 (205), 134 (07) and 135 (290), besides the following pigs 
■which subsequently were transferred to therapeutic experiments. No. 49 
(180), 118 (124), 122 (101), 123 (157), 131 (252), 132 (248) and 133 (245).] 

Clinical Changes. 

Of these 14 animals, 12 presented a clinical picture of pellagra, 
which, though var;ydng in degree, was characterized by changes in 
growth, nutrition, skin and hair. In addition, they all showed 
some changes in the blood picture, especially as to the erythrocytic 
system. Further, after a fairly long observation period they con- 
stantly showed marked changes in the central nervous system. 
Of rare clinical changes, the following were obsers’^ed: blindness, 
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subcutaneous oedema, and a certain degree of spontaneous remis- 
sion. The appetite and defecation were normal; and a terminal 
diarrhea was seen only in the animals most affected. 

In tlie remaining 2 animals, with a shorter observation period 
(Nos. 124 and 134), clinical pellagrous changes were very scanty 
or absent. 
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Of the 7 animals which were not transferred to therapeutic 
experiments, 2 died spontaneously (Nos. Ill and 130). The others, 
some of which were moribund, were killed by bleeding from a 
stab in the neck. 

From the weight and length curves (Figs. 5 and 6) it -will be 
noticed that 2 of the animals grew almost normally (Nos. 124 and 
134). 5 animals showed a very marked inhibition of grovlh (sarrest 



of grovdht)) (Nos. 49, 111, 118, 121 and, to begin with, 110), while 
the remaining 7 animals shoAved merely a moderate and fairly 
equal inhibition of groAvlh. 

In 6 animals with a primary inhibition of growth (Nos. Ill, 121, 
130, 131, 132 and 135) the weight curve shoAved a rather abrupt 
fall in 22 — 33 AA^eeks after the operation (cf. beloAV: presence of 
circumscribed inflammatory processes); at the same time these ani- 
mals ceased gaining in length, or their length increased but little. 
One of the animals AAoth a marked primary inhibition of groAvth 
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(No. 110) commenced to grow spontaneously after an observation 
period of 6 — 8 months (cf. the tendency to spontaneous remission 
or some other symptoms too, but not for tlie changes in tlic central 
nervous system). 

The nutrition was terminally either normal (less frequently) 
or moderate, marked or extreme emaciation. 
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VI 'it: if A' 


Fig. 9. Total fundus-resected pig (No. 135) observed for 248 days, photo- 
graphed 42 days before it was killed. Weight: 112 kg. Length: 132 cm. 
This was the iargest pellagrous animal in the groups and its nutrition was still 

good. 

Principal clinical changes: Recent moderate changes in the central- nervous 
system (the animal resigns to a reclining posture after futile attempts to get on 


Fig. 10. The two animals depicted above, here placed together for demon- 
stration of the maximal difference in size of this group of animals. The fore- 
most animal tries to move forwards. 
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they had some difficulty in getting on their feet. The back was kept 
curved, and the gait was slow, uncertain, with adducted hind legs 
Gradually the difficulties in getting up and moving about increased 
and finally the animal was almost completely incapable of these 
functions, so that as a rule it remained lying on its side with the 
forelegs strongly flexed, the hind legs extended, and the trunk 
trembling continuously. Often the emotional character was changed 
too, the animals becoming cross with a tendency to biting, but 
they did not become sluggish or drowsy. When they wanted to eat 
they moved forwards by crawling on flexed forelegs, with wiggling 
movements of the trunk and spastic movements of the hind legs. 
Attempts to get on their feet, by themselves or with support, were 
made by means of strenuous incoordinate kicking movements, 
during which the animal alternately dropped on its forelegs, or the 
hind legs slipped straight out anteriorly, to the sides or posteriorly; 
these failing efforts were accompanied by persistent and piercing 
shrieks (from pain or excitement?). When the animals were to be 
killed they exerted a quite considerable muscular power in their 
resistance. 

In the remaining animals, with a relatively short observation 
period (up to 5 — 6 months) (Nos. 49, 118, 122, 123, 124, 134) no 
clinical signs of changes in the central nervous system were ob- 
served. (Still, No, 49 showed some emotional changes and termin- 
ally clonic convulsions; after the conclusion of the therapeutic expe- 
riments, the autopsy revealed the presence of an abscess of the 
brain.) 

Junctures for the appearance of the clinical symptoms: In imme- 
diate sequence to the operation, changes were noticeable in the 
weight, nutrition and blood picture. Then, after a varying length 
of time changes were observed in the skin and hair too. The earliest 
manifestation of the changes in the central nervous system were 
respectively 155 — 191 days after the operation (Nos. 130, 121), 
but most often 245—253 days after (Nos. 135, 133, 132, 111, 131). 
In one of the first operated animals (the remittent case. No. 110), 
the presence of changes in the central nervous system was not 
noticed till rather late, when they had reached a severe degree 
(after 360 days). 

The tendency to spontaneous remission (No. 110) manifested 
itself in an increase in weight, improved nutrition, marked diminu- 
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system as to charartcr and degree proceeded as m the other anima . 


Morphological Changes. 


Macroscopic. In the 7 antopsiod experimental animals the external 
appearance was normal in the 2 animals with a rela n 
tion period (Nos. 124, 1 34). The remittent case (No. 1 1 0) showed on > g 



Fig. 11. Stomach after total resection of the fundus (No. 121). The rather 
extensive area of squamous cpiUielium is seen in the upper part of the 
stomach. In the middle, the oblique scar from the resection can be made 
out between the cardia and the pylorus; no remnant of the fundus is seen. 


skin changes. The remaining animals prc.senled marked or very pronounced 
pellagrous changes (with regard to weiglil, niih'ilion, skin and hair); the.so 
changes were least pronounced, however, in I lie animal (hat primarily liad 
shown {lie greatest increase in weight (No. 135). 

Stomach; The .size of the .stomach varied somewhat, but on (he whole 
it was fairly proportional to the length of the animal. The greater curva- 
ture measured from 19 cm (No. 123 )lo 30 cm (No. 121); in No. 110 it was not 
measured. The form of the stomach was fairly normal. On the mucous sur- 
face, the area lined with squamous epifheJiiim, round the inlet of the, oeso- 
phagus, was rather large; an increased cardia and a smaller zone of pylorus 
were sharply defined against each other, being adjacent along the slightly 
oblique resection scar. In no case could any remnant of the fundus be de- 
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monstrated in relation to this scar. As to the role played by the cardin 
and the pylorus region in the compensatory enlargement of the stomach 
revealed by the autopsy, no definite statement can be made; but the 
pylorus may possibly have been a little larger than normal. 

Other organs; A relatively slight oedema and moderate ascites were 
observed in one animal (No. 121). 

No less than 4 of the swine with a relatively long observation period 
presented circumscribed inflammatory processes in the form of fairly large 
abscesses of the lungs (Nos. Ill, 121 ), a medium-sized subcutaneous 
abscess on the lateral surface of the thigh together with purulent pneumo- 
nia (No. 130), or fibrinous pericarditis (Viller’s heart) (No. 135). ^ 

In 3 animals the bones were very fragile (osteoporosis) (Nos. Ill, 121, 
130). One of these animals (130), however, showed also a very pronounced 
new-formation of bone arising from the periosteum of the extremities 
(especially the humerus and femur) extending out into the musculature 
in the form of plates, projections or broad anastomosing trabeculae. In one 
animal (No. 110), on the other hand, all the bones were thicker and harder 
than normall 3 \ 

The other organs appeared macroscopically normal. 

Microscopic. 

Stomach: No remains seen of the mucous membrane of the fundus. No 
pathological cell infiltration. One animal (No. 130) showed a fairly exten- 
sive subacute ulceration (at the suture line) besides several small scars (in 
the cardia). The thickness of the mucous membrane. seemed decreased in 
the cardia, increased in the pylorus. 

The bone-marrow was examined microscopically in 6 of the 7 animals, 
not in the macroscopically normal animal (No. 134) with an observation 
period of only two months. In 2 animals, one with an observation period of 
only 5 % months and normal clinical findings (No. 124) and, in the spon- 
taneously remittent case (No. 110) the bone-marrow showed a normal cell 
content and normal structures. In the remaining 4 animals the appearance 
of the bone-marrow varied somewhat. Nos. 130 and 135 presented a slight 
hyperplasia of the marrow in the vertebral bodies (but no cellular expan- 
sion in the marrow of the long bones of the extremities) together vdth 
marked oedema and hyperemia; one of these animals (No. 130) showed 
also some fibrous transformation of the bone-marrow. Nos. Ill and 121 
showmd marked hj^perplasia with increased erythropoiesis throughout 
the bone-marrow^ system. 

Central nervous system: Thorough histological examination has been 
carried out on 3 of the animals (Nos. 110, 111, 121). In the remaining ani- 
mals a control examination was made of the spinal cord. 


^ In these animals the terminal white blood count was: min. 18,880, 
max. 54,840, averaging 31,110 (the average value for the remaining animals, 
free from abscess formation, was 17,789). 
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In all the 5 total tundus-resecled animals with a relatively long obser- 
vation period (Nos. 110, 111, 121, 130, 135) and in 3 of the subtotal fundus- 
resected animals (Nos. 26, 45 and 46) the examination demonstrated 
degenerative changes in the entire central nervous system. Those changes 
were relatively slight in the 2 last-mentioned animals, hut pronounced m 
all the others. There was degeneration of ncrve-cells, including spinal 
and sympathetic ganglia as well as of medullary sheaths, neuroglia reaction, 
and also partial hyalinization of the walls of the blood vessels. The changes 
were characterized by marked occurrence of swollen neurones, in all degrees. 
A particularly frequent phenomenon consisted in cells that were either 
moderately swollen, staining but faintly, almost non-granular and provided 
with eccentric nuclei (Nissl’s oprimary irritationo) or markedly swollen, 
partly effaced, wiih diminished dark nuclei (Nissl’s osevcrc ganglion cell 
diseaseo). , Necrotic cell forms were seen too, though mostly in .scanty 
numbers. The neuronic changes have always been most pronounced in the 
pons, corpora quadrigemina, cerebellum and dorsal basal ganglion in the 
cerebrum, occurring presumably first in the j)ons and corpora quadrige- 
mina. In the spinal cord the neuronic changes were moderate or marked, 
in particular proximally, but apparently they made their appearance later 
here. 

Degenerative changes in the medullary sheaths were demonstrated in 
the spinal cord (in particular proximally) and in the medulla ol>longata {in 
decreasing degree), localized especially to the posterior funiculi (Burdach’s 
tract) and to the dorsal part of the lateral fasciculi. 

The changes in the central nervous system have not shown any pro- 
portionality in degree to the length of the observation period, as for in- 
stance, very severe changes have been observed after a relatively .short 
observation period (4 months) as well as after a relatively long (12 
months). 

(The bones have not yet been examined histologically.) 

Other organs: . Inconstant but microscopically demonstrable changes 
of various nature were diagnosed in the 5 animaks with the longest obser- 
vation period. In the skin: subchronic inflammatory changes with marked 
hyperkeratosis (Nos. 110, 111, 121) or atrophy (Nos. 130, 135); in one case 
with oedema too (No. 121). Tongue: Slight chronic inflammatorv infil- 
tration (No. 110). Colon; Moderate, acute and chronic, ulcerative inflam- 
mation of the mucous membrane (No. 121). Certain lymph gland.s: i\Iode- 
rale or marked, acute or acute and chronic inflammation (Nos. 121 and 
110, respecDyely), in one case associated with small abscesses (No. Ill) 
Sp cent SI, Bht or moderate myoloirt melaplasia !ct, Iwpcporrcv) (N'os.' 
121, 111); marked hemosiderosis (Nos. 130, 135), logolher with manv 
megakaryocytes (No. 130). Liver; Minimal .stcatosi.s (No. Ill) or sli^di't 
periportal subchronic inflammation (No. 135). " “ 
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Recapitulation. 

Subtotal resection of the fundus was performed on 8 pigs, with an 
observation period of 128 — 499, averaging 299 days. One of these 
animals was later employed in a therapeutic experiment. In 4 of 
these animals the clinical changes consisted merely in a primary 
transitory moderate inhibition of gro^vth, lasting at the most for 
about 15 weeks, and slight anemic changes in the blood picture. 
In the remaining 4 animals similar changes were observed and, in 
addition, either symptoms of affection of the central nervous sys- 
tem (1 case) or emaciation and changes in the skin and hair (3 cases); 
in 2 of these animals, however, there was subsequently an almost 
complete remission. 

Morphologically the animals (7) showed constantly a remnant 
of the fundus varying in size and in the degree of hypertrophy. 
In 3 of the 4 pellagrous animals the central nervous system was 
the site of severe or rather slight degenerative changes. In 5 of the 
animals, inconstant changes were observed in the form of slight, 
acute or chronic, inflammatoiy processes in the lymph glands, 
liver; intestines and skin. 

Total resection of the fundus was performed on 14 pigs, wth an 
observation period of 67 — 379 days, averaging 214 days. Of these 
animals, 7 were later employed in therapeutic experiments. 

Clinically, 12 of the animals presented a moderate or severe, 
chronic, pellagrous picture, characterized by a varying degree — 
most often marked — of inhibition of growth and emaciation, 
changes in the skin and hair, blood and central nervous system. 
One animal showed a spontaneous partial remission. The changes 
in the blood picture in the animals vnth a relatively short observa- 
tion period have only been inconstant, slight and varying, whereas 
the animals with a longer observation presented constant anemic — 
exceptionally, polycytemic — changes. The symptoms from the 
central nervous system have been severe and developed in all the 8 
animals vdth an observation period of over 6 months. Exceptionally, 
a combination of pellagra and beri-beri was observed in 1 case, and a 
tendency to spontaneous remission in 1 case. The remaining 2 ani- 
mals in this group, vdth a relatively short observation period, 
showed only insignificant clinical changes or none at all. Morpho- 
logically (7 animals) the 5 pigs with the longest observation period 
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/including the animal vdtlx partial remission) presented severe 
Ld extensive degenerative changes in the central nervous system, 
involving nerve-cells as well as medullary sheaths. In the cases 
examined, the bone-marrow was normal in 2 cases, slightly hyper- 
plastic and markedly oedematous and liypercmic in 2, and mark- 
edly hyperplastic vith a noticeable increase in the ciyahropoicsis 
together with myeloid metaplasia, especially in the spleen, in 2 
cases; one of the animals — the one vdth slight hyperplasia of the 
bone-marrow — showed a tendency to fibrosis. A strikingly fre- 
quent feature, 4 cases, was a relatively large, circumscribed, sub- 
acute or subchronic inflammatory process in the lung, subcutis or 
pericardium. In 3 cases the bones were the site of a pronounced 
osteoporosis; in 1 of these cases, however, tlicrc was also a marked 
periosteal new-formation of bone, especially in the femora. A couple 
of the animals presented slight, acute or chronic inflammatory 
changes in the tongue, intestines or liver. In 5 of the animals with a 
long observation period the skin was the site of marked hyperkera- 
tosis accompanied by inflammatoiy^ infiltration or alroj)hy. 

In the 2 animals without pronounced clinical changes, no patho- 
logical changes were seen in the organs. 

From this recapitulation it is evident that both types of opera- 
tion have been able — although in a greatly different degree — to 
produce a pellagrous condition. After subtotal resection of the 
fundus this phenomenon appeared only in one-half of the ani- 
mals, and here it varied somewhat, clinically and morphologically, 
wth a tendency to remission. After total resection of the fundus, 
on the other hand, all the animals — with exception of the two 
with the shortest observation period — developed a niodernte or 
severe, typical, chronic, progressing pellagrous symptom complex, 
winch was subremittent but exceptionally; and this condition was 
characterized in particular by marked degenerative changes in the 
central nervous system in all the animals with a relatively lon‘» 
observation period. 


Comparison between the Restdts 0 / Total Gastredmmj in 0„r Previous 
apmmcnis and Total Fundus Resection, in the Present (on Pigs). 

Both types of operation have been foilotvcd by a wcll-characlw- 
ized pellapous symptom complex. Qualitalivcbj, tlie clinical and 
morphologtcal features have been similar after the two operations, 
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being characterized by changes in the weight of the animal, their 
state of nutrition, skin and hair, blood, bone-marrow and central 
nervous system. Also certain inconstant symptoms have appeared 
after both tj^ies of operation [osteoporosis (more frequently) and 
combination vith beri-beri (infrequently)]. The degenerative 
changes in the central nervous system have been identical in type 
as well as in topographical distribution, in the case of nerve-cells 
as well as medullary sheaths, and also wnth regard to glia reaction. 

Qualitative deviations have been recorded only from the blood 
and bone-marrow, differences in the dominance presented by the 
t3qjes of anemia or in the hyperplasia of the bone-marrow. Only 
total resection of the fundus has show the particular phenomenon 
of a frequent occurrence of a rather large circumscribed inflamma- 
toiy process in some tissue or other. 

QuanUialively, however, the clinical picture of the condition has 
differed somev'hat for the two types of operation. Thus, after 
total gastrectomy the changes in the gro%vth, nutrition, skin and 
hair have -constantly been marked, first progressive and then 
stationary. After total resection of the fundus, on the other hand, 
these changes have varied noticeably in intensity, being almost 
entirely absent in a couple of aninaals (those with a relatively 
short observation period), moderate or severe in others (all the 
remaining animals). A tendency to remission has been observed only 
in one animal on wiiich the fundus had been resected but the remis- 
sion did not involve the changes in the central nervous system. 
After total gastrectomy, the clinical manifestation of the changes in 
the central neiwmus system have mostly been chronic and termin- 
ally severe. After total resection of the fundus, on the other hand, 
these changes have terminally been either moderate or, if possible, 
even more severe than before; in these animals the changes did not 
show- such a marked proportionality with the length of the observa- 
tion period. In total resection of the fundus the morphological 
aspects of the changes w'as dominated by the swmllen forms of 
cellular degeneration (Nissl’s »primary irritation)) and Nissl s 
»severc ganglion cell disease))), wiiile sclerotic forms w^ere relatively 
scarce. 

Finalty, differences in the course of the changes in the central 
nervmus sy^slem have manifested themselves clinically. After total 
gastrectomy’’ they’^ have been increasing gradually, becoming 
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constant and severe after some length of time. After total resection 
of the fundus they usually have made their appearance soon, being 

very severe at once. 

Owing to the quantitative differences of tlie changes m tlic ani- 
mals submitted to total resection of the fundus, it \vould be diffi- 
cult to make any comparison of the juncture for the appearance of 
the various pellagrous symptoms after the two types of operation. 
Still, the junctures for the manifestation of the changes in the 
central nervous system agree fairly well even though the onset is 
rather a little earlier after fundus resection than after gastrectomy. 

Causation of the Gasfroprival Pellagra. 


In view of the clinical and morphological identity of gastro- 
prival pellagra wth other, spontaneous or experimentally produced, 
pellagrous lesions in men and animals, our studies on the causation 
of the first-mentioned form have been based essentially on the 
prevailing view of pellagra as being avitaminosis B. 

According to our experiments published so far, however, it 
appears as if the gastroprival pellagra cannot be regarded as exo- 
genous, inasmuch as the diet of the animals has been fully sufficient, 
the appetite normal, and the absorption of the food has not been 
impeded by mechanical obstructions. 

So the symptom complex has to be ascribed to endogenous 
disturbances, brought about primarily or secondarily by the gas- 
trectomy. The idea suggests itself here to associate the develop- 
ment of this lesion with the change in the passage of the food in 
the intestinal canal and a resulting decrease in the absorption’ of 
vitamin B. The conditions under Avhich the experiments wcrc 
carried out have not made it possible to record the rate of the food 


passage roentgenographically, it is true, but administralion of car- 
bon tablets has not shown any chronological shortening of the 
passage on a wdiole; furthermore, except sub finem, the dcfecalion 
has constantly been normal throughout the obseiwntion period. 

More direct information concerning this question has been 
afforded by some of our therapeutic experiments, as preventive 
perora administration of vitamin B preparations (in pups) and 

administration of vitamin B„ nicotinic 

r“ V'ilo inoftcclivo 

»ga.nst the gastropnval pellagra. According to our experiences 
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SO far, then, the condition appears hardly to he attributable to defi- 
ciency in the vitamins B mentioned, let alone an alteration of the 
absorption in the gastrointestinal tract. 

It is justified, therefore, to attribute the development of this 
disease directly to the removal of the stomach itself. This view is 
supported indirectly by the above-mentioned conditions, directly 
by the followdng observations: 1) the constant appearance of the 
pellagrous changes after total gastrectomy in animals of various spe- 
cies, 2) the pronounced curative effect obtained by peroral admi- 
nistration of neutralized stomach juice, and 3) the fact that nico- 
tinic acid — in contrast to the findings after total gastrectomy — 
has a curative effect on the pellagrous animals in whom merely a 
part of the stomach has been resected (leaving the fundus and 
cardia). These findings indicate that the stomach is of primary 
decisive significance to the development of pellagra. Accordingly, 
in 1936, we advanced the hypothesis that the so-called pellagrous 
symptom complex is due to the operative elimination of a specific 
antipellagrous function (factor) connected with the stomach alone. 
Additional support of this hypothesis was furnished by our subse- 
quent clinic-therapeutical studies on the effect of stomach prepara- 
tions on pellagrous patients who had proved refractory to treat- 
ment with vitamin B — besides by various clinical aspects of 
pellagrous patients advanced essentially by other authors. 

Also the experiments vith resection of the fundus here reported 
confirm our view of the primary gastrogenic character of pellagra. 
Thus the removal of the entire fundus has given rise to the devel- 
opment of a clinical picture which, except for certain minor details, 
shows good agreement with gastroprival pellagra, while, on the 
other hand, the preservation of a remnant of the fundus (undergoing 
hypertrophy) most often has prevented the appearance of this 
morbid condition. 

In keeping with the hypothesis advanced here, the question 
suggests itself to what extent each of the three regions of the 
stomach is of etiological significance to the development of the 
experimental endogenous (gastroprival) pellagra and, thus, is the 
site of the specific antipellagrous function. 

The comparison previously made between the results of total 
gastrectomy and total fundus resection gives some information 
concerning this question. 
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Thus the changes in the central nen^ous system liavc l^ecn just 
as constant after total resection of the fundus as after total 
gastrectomy' they have been of the same character, and they have 
been similar’also in their chronological and, topographical distribu- 
tion. So the cardia and the pylorus left by the operation have not 
been able to prevent the development of the degenerative changes; 
at the most, they may have modified in part the character of the 
changes. Accordingly, the fundus has to be looked upon as the 
primarily decisive, and at any rale the most important, region of the 
stomach in the etiology of the endogenous degenerative changes 
in the central nervous system. Also the outcome of the subtotal 
resection of the fundus is suggestive of a certain dependency be- 
tween the fundus and the appearance of the changes in the cenlral 
nervous system. ^Vhcn this remnant of the fundus was very small, 
and failed to undergo secondary hypertrophy, the animal pre- 
sented marked changes in the cenlral nervous system. In most of 
the other cases, on the other hand, the remnant of the fundus 
has been able to prevent the appearance of these changes — that 
is, it lias exceeded tiic required minimum of fundus capable of 
function. The secondary liyperlrophy of the fundus remnant is to 
he looked upon as an expression of an increased functional demand 
upon the region wliich was greatly reduced by the operation; and tlic 
experiments with subtotal resection of the fundus illustrate that 


even a relatively small area of fundus is able to prevent the deve- 
lopment of pellagra. 

The fundus appears to play a prominent etiological role also in 
the development of tJic other pellagrous changes (inhibition of 
growth, emaciation, changes in skin and hair, besides cry'tbro- 
poiesis). Considering the variations in degrees presented by the 
mentioned pellagrous symptoms after total resection of the fundus 
(in contrast to the findings after total gastrectomy, where the 
changes constantly were severe) the cardia and pylorus appear to 

possess a certain (secondary?) anlipcllagrons function against 
these symptoms. 


According to our cinnc-tlicrnpeulic sludies rocc,nlly publislicd 
(Pe n and collaborators, 19«), in pig, suHmitlcd to total resection 
ot Uic nndus a.s well as to total gastrectomy, the liver is lacking 

lave «?ol r P-'i-'iPl' "'iKn the animals 

Lave lieen observed for S monllis or more. The liver extracts were 

Acta mcd. scandinaiK Vol. CXIV. 
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prepared from Swine 110, 111, 118, 124, When pigs after resection 
of the fundus are given nicotinic acid for some months the liver may 
again be brought to contain the active principle. From these find- 
ings we have draw the conclusion that the fundus is that region 
of the gastric mucosa which is primarily decisive of the formation 
of the active liver principle, and that the two other regions of the 
stomach play a certain, secondary role in this respect. 

From these previous investigations as well as from the present 
experiments with total resection of the fundus, it is evident, then, 
that there exists a primary etiological relation between the fundus 
of the stomach and the appearance of the pellagrous changes in the 
central nervous system together vnth the disappearance (cessation 
of production) of the active liver principle. Presumably, a certain 
secondary etiological significance is to be assigned to the cardia 
and pylorus, at any rate with regard to the formation of the active 
liver principle. 

Summary. 

Attempts are made experimentally to elucidate the etiological 
significance of the fundus region by means of elective operations 
■with subtotal or total resection of the fundus on respectively 8 and 
14 pigs, with an average observation period of 299 and 214 days 
respectively. 

In half of the animals submitted to subtotal resection of the 
fundus there developed clinically and morphologically a lesion of 
the central nervous system or a pellagrous condition, in part ■with 
morphological changes in the central nervous system. 

In all the animals submitted to total resection of the fundus, 
excepting two with a relatively short observation period, there 
developed a moderate or severe, chronic, neurocutaneous symptom 
complex (sexperimental endogenous pellagra»), characterized espe- 
cially by severe degenerative changes in the central nervous system. 

A detailed account is given of the clinical and morphological 
• changes observed after both types of operation. Further, the results 
of total fundus resection are compared to the results in our previous 
experiments with total gastrectomy. 

The causation of the experimental »gastroprival» pellagra is 
discussed. The hypothesis advanced by us (1936), about the 
stomach being of primary decisive importance to the development 
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of pellagra (specific antipellagrous function) has been confirmed 
by the experiments Avith resection of the fundus. For tliese exper-. 
iments show that the fundus is ihal region within the stomach 
which is primarily decisive as to the development of the pellagrous 
degenerative changes in the central nervous system (and also -- 
according to our previous investigations — to the formation of 
the antipernicious-anemic principle). 
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Untersucliungen iiber das Diaminoxydaseferment 

(„Histaniinase”). 

Von . 

BERTIL SWEDIN. 

(Bci der Rcdalction am 12 Fcbrnar 1013 einpcgangcn). 


Das Vorkommcn cincs kalalylisclion Systems, vclchcs Histamin 
zu spallcn verniag, ist von Best 1929 nachgewicsen vorden. Es 
ivurde als )>Hislaniinasc)> bczcichncl. Seildcm liat man dieses 
System und die Reaktion, welehe heim Abliaii dcs Hislaniins 
stattfindet, cingelicnd studiert. Anfangs volltc man gcltcnd 
machen, dass es sick um ein einlicitliches Ferment, die sHista- 
minases, liandle; man fand aber JialcI, dass der Abbaii dcs 
Histamins in mclircren Elappen vonstatten gelil: Desaniinierung 
der Seitenkelte, Sprengung des Imidazolringcs und Desaminieriing 
■desselben, ivesliall) man Iriftigc Grunde zu der Annahme liatlc, 
dass beim vollstandigen Abbau dcs Histamins nielirere Fcrmcnt- 
systeme betciligt scien. Ferncr erwies sich die urspriingliche sHista- 
minase» als niclit spczifisch, sie vermochtc vicimehr auch die 
oxydalive Desaniinierung ciner Reihc andcrer Diamine, ivie 
Atliylendiamin, Putreszin, Kadaverin, Agmatin, Spermin (Zeller, 
1938), zu katalysieren. Man haltc es demnacli mil ciner Dianiin- 
oxydase zu tun. In einer pcrsdnliclien Mittcilung an Zeller (1938) 
bat Me Henry das den Iniidazolring dffnende Fermentsysteni als 
oHistaminase im engeren Sinne» bezeiclinet. Wabrend der Ictzten 
Jabre riebtete sicb das Intercsse auf das Sludium der Diainin- 
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oxydase (Zeller u. Mitarb.). Durch UnLersuclning dev Hcninibar- 
belt dcs Fernicntes, iiisbcsonderc der Zyanbemmbarkeil., wuicc 
nian zunachst zu der Ansicht veranlassl, cs handle sich uin cm 
Haminprotein. Da aber die Zyanhcmmimg nicnials vollsUuubg 
Oder konstnnt war, imd sicb keinc Heinmiing durch CO oder 
Natriumpliosphai ergab (Gebauer-Fuelnegg, 1932), wurde diese. 
Theoric aufgegcben. Aus Arbeitcn von Zeller gcbL hervor, dass 
die. prostlietische Gruppe cine Karbonylgruppe entliailcn muss 
und wabrscbeinlich FlavinkonsULulion bat (Zeller, 1910). 

Angaben iiber Reinigungsversuche der sHistaniinasert odor 
Diaininoxydase sind ini Scbrifllum sebr sparlich. Die moisten 
Autoren haben Bests Ainveisungen befolgl und haben gemablenc 
Niere init Azeton bcIiandclL und aus deni gclrocknetcn Azelon- 
pulver einen akliven wiissrigen odor Glyzcrincxlrakt hcrgoslcllt. 
— Es warden dann Versuchc angostoill, das akiivc Prinzip aus 
diescni wiissrigen Exlrakt zu gewinnon und durch Adsorption an 
einc grosse. Anzalil vorschiodonor vSubslanzcn, sowie auch durch 
Fraktionic-rung mil Amnioniumsulfal, Azeton und Pikrinsauro 
anzureichern (Best n. Me Henry, 1930; Me Henry n. Gavin, 1931, 
1935; Edlbacher u. Zeller, 1937;,Kicsc, 1910), Es isl indos.son 
sehr schwer, sich an Hand des SchrifUums cine siclicre Auffassung 
iiber die Aklivitiil dor orhallenen Pnijiarato zu biklen, was einer- 


seils darauf beruhl, dass die Autoren hieruber nichts angegeben 
haben, und andcrorseits darauf, dass fast jeder Autor seine eigene 
Standardisierungsmethodo angewendet hat. Das im allgemeinen 
hei biologischc-n Vevsuchon vcrwendele Priiparat enthielt einc 
Histaniinaseeinheit pro 100 mg Priiparatsubslanz. Die Hisla- 
niinasoeinhcit wird als diojenige ^lenge wirksames Ferment dofi- 
niert, wc-lche binnen 2d Stunden bei 37° 1 mg Histaminhaso in 
Phosphatpuffer bc-i pH 7.0 zu inaklivieren vermag. 


Das bei der vorliegenden Arbeit vorfolgto Ziel war, ein Ferment- 
priiparat mit grdsstmdglichor hislaminspaltcndev Aktiviliit darzu- 
stellen. Dazu mirde das Ferment gewiihlt, welches die crslc O.xyda- 
tJonsphase beim Abbau des Hislaminmolekiils katalysicrl, wiihrend 
der die Scitenkette desaminiert wird (Zeller). Einc Desaminierungr 
er Scitenkette verursacht einc durchgreifende, sowohl quanlila- 
ive wie qualitative Veriinderung der biologischon Aktiviliit (Best 
u. Me Henry, 1930; Guggenheim, 1940). 
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Standardisirruny. 

Mehrero biologisclic Diamine, unlcr dicsen Histamin, werden 
stufcnwcisc oxydiorl. Das Walirsclicinliclic isl, dass jede Slufc 
von ihrorn Ferment kalalysierl wire!. Bcim Sludium der Oxyda- 
tion des Hislaminmolekiils in der Warhurgsclicn Apparaliir findot 
man, dass der Saiicrsloffverbrauch nach eincr kurzen Lalenzzeit 
mil konslanler Gcsclnvindi^keil vcrlaiift, l)is ein Iialbcs Molekiil 
Saucrsloff vcrbrauclil isl, Woraiif die Gescbwindigkeil plotzlich 
abnimml, aber dann weilerhin konslnnl b!eil)t. Bci den Standar- 
disierungen wiirde der Sauerstoffverbmuch wiihrend der crslcn 
Periode der Reaklion als Indikalor fiir die Fermenlaktivilat ver- 
vcndel (Zeller, 1030). 

Die 'rempcralur des \Vasserbades belriig 38°. In der Haupl- 
kammer des Warburggefasses befanden sicli 2.0 ml m/1,5 Pliosphal- 
puffer pjj 7.7 mid 1.2 ml FermenllOsimg, im n.-Vnhango 0.1 ml 
Hislaminldsuiig. 0.5 mg Mislamindiliydroehlorid tnl.sprcchend. 
Die Endkonzenlralion des Ilislamins in der Beaklionsniischung 
v’urde demnaeh 0,0 • l(f ‘ m. Der >'EinsnlZ'‘ enlhiell 0.2 ml 50%ige 
HoSO.,. Die Scluillelgeschwindigkeil war 75 Schlage pro Min. 
Als Einheil wurde die von Zeller eingefuhrlc DoE vcrwendel, 
worunler die Akliviliil zu verslelien i.sl, wclehc einc Anfangs- 
gescln\indigkeil der Reaklion von 10'*^ Mol pro Stundc umge- 
wandell zuslande bringl. Da die Gesehwindigkeit bei dcr Um- 
wandlung von Kadaverin 1.3 mal so gross isl wie bei Hislamin, 
muss eins von beiden konsequent angewendel werden. Bei den 
vorlicgcnden Unlersucluingen wurde slels Hislamin in Form von 
Histamindihydrocblorid verwendel. 


Praparkriing. 

In cinem gcwolinlichen Fleiscbwolf warden 800 g Irisclie, 
gereinigle Schweinenicre zweimal gemahlen. Dcr Nierenbrei wurde 
dann mil 200 ml m/15 Pliosphalpiiffer ])ii 7.7 versetzl und durcli 
cin Fillrierluch geprcssl. Dcr Exlrakl, ICO ml. vairde durch 
Zusalz von 230 ml gcsiUl. Ani„SO.i-Lo.sung gefalll. Dcr Nieder- 
schlag wurde abzcntrlfugicrl, und cs Hess sicli eine klarc role 
Mullerlauge abpipellicren. Diese, deren Volumcn 260 ml bclrug, 
A^rde mil 260 ml gesall. Am2SO.i-L6sung ver.sclzl, eine Slunde 
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<yemischt, worauf der Niederschlag auf einem gewohnlichen Filler 
Tn Zimmertemperatur liber Naclit abfiltriert wurde. Der halb- 
trockene Niederschlag wurde in der kleinstmdglichcn Mcngc Aqu. 
dest., welchemit 5n Ammoniak auf 7.5 gebracht ^v^Irdc, wiedcr- 
oelost. Die Losung wairde durch Zentrifugicren von Filtricrpapicr- 
resten gereinigt. Dann wurde sic bei 4-5° iiber Naclit mil physiol. 
Kochsalzlosung dialysiert, wonach bei Zimmertemperalur cine 
Dialyse mil Aqu. dest. ausgefiihrt wurde. Das Dialysal w'urde 
unter Umruhren 10 Min. lang auf 4-50° crwarml. Ein graubrauncr 
Niederschlag wurde abzentrifugiert. Das Volumcn des Dialysals 
nach der Erw^armung betrug 108 ini. Dieses w'urdc mil 51 ml 
gesatt. Am 2 S 04 -Ldsung verselzl. Ein geringfiigiger Niederschlag 
wurde abzentrifugiert. Das Dekanlal wurde dann mil 102 ml 
gesatt. Am 2 S 04 -L 6 sung gefallt. Der cnlslchende Niederschlag, 
w^elcher sich leicht abzentrifugieren Hess, wurde im kleinslmdg- 
hchen Volumcn m/100 Phosphalpuffcr P|.j 7.5 gelosl imd durcli 
Dialyse bei -f 5° iiber Naclit von AnuSOi gereinigt. Das Volumen 
Avar nach der Dialyse 145 ml. Die Schwcincnicre enlhiell 5 DoE 
pro g und die Endkonzentration 175 DoE pro g, w'cshalb die 
Reinigung 35:1 ausmaclile. Die gesamlc AusgangsakliviUil war 
4000 DoE und die des Praparats 350 DoE. Die Ausbeute betrug 
demnacli 8.7 %. 


ElcUtrophorcsc, 


Bei diesen Untersuchungen Avurde ein von Thcorell (1931) 
konstruierter Eleklrophorcscapparal verwendcl. 

Elcldrophorcse 1. Tenipcratur des Wasserbades; 20°. Es ivurde 
das oben beschriebene Praparat AWAvendcl. pjj 7.52. Eleklrolyl. 
Leitfahigkeit: 3.3 • lO'-"* rec. Ohm. .Stromstarkc: 5 • 10'^ Amp, 
Zeit: 5 Stunden= 18,000 Sekunden. Der Inhall der Zellen wurde 
in der oben angegebenen Weisc hinsichllich des aktiven Prinzips 
analysiert. * 

Resultal: Das aktive Prinzip wandertc mil folgendcr Geschwin- 
digkeit zur Anode: u = 4.55 « 10*^. 


Elcldrophorcse 2. Temperatur des Wasserbades: 20°. Es Avurdc 
wic oben vcrAVcndel. pjj 7.83. Elcktrolyl, 
Leitfahigkeit: 3.38 • lO’ rec. Oiim. vSlronislarkc: 5 • 10“'' Anip 
Zeit: 5 Stunden 35 Min. Nach 2 Stunden 35 Min. wurde die Wande- 
rung dadurch kompensiert, dnss 15 ml Puffer in das Anodennefass 
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hineinpipettiert wurden, was einer Verschiebung der Hohcv des 
Fliissigkeitspfeilers im U-R6hrchen ' des Elektrophoreseapparats 
um 3.75 cm entspricht. Der Inhalt der Zellen wurde quantitativ 
mit Bezug auf Aktivitat und organisches Trockengewicht, sowe 
qualitativ hinsichtlich des Vorkommens von Flawnprotein 
(Luminoflavin nach Warburg u. ChrE^n, 1938) und Haniin- 
protein (spektroskopische Untersuchung der Lichtabsorption bei 
630 m/^) analysiert. 

Nach Beendigung der Elektrophorese war die Losung in drei 
Schichten geteilt. Im Anodenteil des U-R6hrchens war sie nahezu 
farblos, aber opaleszent, im Kathodenteil braunrot und klar und 
im Zwischenstiick eine Mischung von beiden. Der Zelleninhalt 
der Anodenseite gab eine stark positive Luminoflavinreaktion, 
ebenso derjenige der Bodenzelle, nicht aber der Inhalt der drei 
obersten Kathodenzellen, welcher stattdesseh ein starkes Hamatin- 
spektrum aufwies. Die Standardisierungen ergaben, dass das 
aktive Prinzip mit der Luminoflavinreaktion, nicht mit dem 
Hamatin, Hand in Hand ging. Bei der Elektrophorese Avurde 
eine Reinigung erzielt, indem der Inhalt der obersten Zelle der 
Anodenseite 620 DoE pro g organisches Trockengewicht enthielt, 
wahrend die ursprungliche Losung 175 DoE pro g organisches 
Trockengewicht enthalten hatte. Die endgiiltige Reinigung betrug 
also 124:1, 


Erorterung der ResuUate. 

Verf. hat umfangreiche Versuche angestellt, um die Diamin- 
oxydase durch Adsorption und Elution zu reinigen. Diese sind 
aber samtlich misslungen, und zwar infolge der Schwierigkeit, das 
Ferment zu eluieren, welches ausserst labil zu sein und leicht in- 
aktiviert zu werden scheint. Das Ferment ist gegen saure Reaktion 
empfindlich. Bei den Praparierungen wurde nie unter pH 7 her- 
untergegangen. Der grosste Teil der Aktivitat fallt zwischen ^js 
und ^/g Sattigung mit Ammoniumsulfat, worauf auch Kiese 
(1940) hingewiesen hat. Durch Warmebehandlung des Praparats 
wurde eine wesentlich gesteigerte Haltbarkeit der Fermentlosungen 
erreicht. Dieselben konnten monatelang bei — 10° aufbewahrt 
Werden, ohne dass die Aktivitat nachliess. 

Die elektrophoretische Untersuchung, die nur als eine Orien- 
tierung aufzufassen ist, zeigte, dass das aktive Prinzip von einer 
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Haminproteinfraktion gelrennt werden konnte, und dass es einer 
Flavinproteinfraktion folgte. Da das Fement nock niclit isoliert 
ist, ist es indessen unmdglich, sich iiber die Konstitution desselben 
mit Bestimmtheit zu aussern. Aus Zellers und Verfs. Arbeiten 
durfte jedocli liervorgelien, dass die Diaminoxydase wahrschein- 
lich ein Flavoprotein ist. 

Die Aktivitat des Fermentpraparats des Verfs. entspriclit 620 
DoE pro g organische Trockensubstanz Oder 2740 Histaminase- 
einheiten ' pro g organische Trockensubstanz. 


Zusammenfassung. 

Durch fraktionierte Ammoniumsulfat-Fallung und Elektro- 
pliorese erhielt Verf. ein Diaminox 3 fdase- (Histaminase-) Praparat 
mit holier Aktivitat. 

Die Diaminoxydase durite ein Flavoprotein sein. 

(Die vorliegende Untersucliung wurde durch Subvention seitens 
der Stiftung »Johan och Therese Anderssons Minne» ermoglicht.) 
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Effects of ultra-violet rays in depth and duration. 

By 

H. I. BING. 

(Submillcd for publication February IS, 1913). 


When, at the end of Die nineVecnlh centnYy, carbon-avc lamp 
liglit, based on Finsen’s observations, vas included in medical 
treatment, the ultra-violet rays were soon recognised as lieing the 
most effective, rays. Experiments were jierformcd to find a sub- 
stitute for the costly carbon-arc lamp light, wliicb could radiate 
ultra-violet rays, be less ex}3ensivc, and move adaptable. Among 
the sources investigated, mermrij qiiaiiz lUihi ^Yas found to l)e the 
best, alLhougJ} it was not universally recognised as being equally 
effective as rays from carbon-arc lamps. Ultra-violet ray Ircaimcnt 
is used botli as a local cure for skin affections, and as )digbl balhso 
for different internal diseases. In the former case, it has been 
relatively easier to approach a determination of tlic effect of rays 
on the skin. 

In view of the enormous use to which light treatment has l)con 
put, it is astonishing how little has been done to invesligale its 
biological effects. 

The anti-rachitic effect of light is well understood, ImL otlicr- 
uise, positive results of treatment have merely been recorded, 
mostly without closer investigation. Some experiments explaining 

— Ada med. scandinaw, Vol. CXIV. 
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the general effect of light have, however, been carried out, among 
which I shall mention the much-quoted experiments of Hassel- 
balch (1905), who found that respiration after ultra-violet ray 
treatment became slower and deeper. Sonne (1919), investigated 
the effect of mixed raym on the blood, and thought the visible rays 
most effective. Experiments on animals, by Gassul (1919), Levy 
(1916, 1919), V. Reis and Sjostrand (1928), investigated the distri- 
bution of blood in the parenchymatous organs after ray treatment 
and found an increase in blood volume. 

I became interested in this problem, partly by observing that 
ultra-violet ray exposure of the thorax gave rise to an enlargement 
of the lung under the treated regions, an partly, because I had seen 
beneficial effects of light in cases of rheumatic muscular affections. 

On hearing that Buchthal, Honke and Lindhard were experi- 
menting with intra-muscular temperature under varying physio- 
logical conditions, a possibility' of testing my theories experimen- 
tally, presented itself. I approached Dr. Buchthal who kindly 
allowed me the benefit of his experience. 

In the course of the present investigation, the work of 0. Lipp- 
ross (1942), came to my notice. He examined the temperature 
of different tissues under many different conditions after, ray 
treatment among others and found here that there was a rise in 
temperature in the deeper tissues some time after treatment had 
stopped, which could continue for the 100 minutes the obsersmtion 
lasted. 

In the present experiments, I have not examined the immediate 
effect, but have repeatedly observed the temperature of the treated 
muscle during several days, and, as control, measured the tempe- 
rature in the corresponding untreated muscle on the other side. 
j\Ieasurements are performed thermo-electrically', the one thermo- 
junction being placed in the hy'podermic canula which is intro- 
duced into the tissue, the other in a Dewar-vessel, with constant 
temperature. With this arrangement the temperature can be 
measured with an exactitude of less than 1/10°C. 

According to unpublished experiments by Buchthal, Honke 
and Lindhard, the temperature in the resting muscle is between 
34° and 36°. It rises if the muscle performs Avork. This low tem- 
perature level is confirmed in the m.biceps of my experimental 
subjects. 
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Table I. 

« 1 ■« 4 UI. fiTii 1 'N.ocriiucnls only tlic aA'cragc in 
All measurements are quoted in the Inst 

the other experiments. 

I, 9/11 Measurement in untreated m.hiccps dexl. 

distal 30.0 

35.9 

35.8 35.9 

35.8 

35.8 

proximal.. 36.3 

36.3 36.3 
.^6 3 


11/11 Measurement in untreated m.biceps dcxt 

distal .... 35.1 

35.1 35.1 
35.0 

proxima 1 . . 35.9 

35.6 35.6 

35.2 


Measurements are perforniecl in llie distal and proxinialpart 
of the muscle. In later experiments the junction was placed in 
two distal regions. The c.xperimental subjects had usually not been 
sufficiently long at rest to insure standard conditions, and to ex- 
clude certain irregularities, due to previous movements of the 
arms, though a resting period of about 30 minutes preceded the 
experiments. When comparing the treated and untreated muscles 
by measuring alternately medially and laterally in the respective 
muscles, this irregularity does not affect the experimental results. 

The experiment was carried out in the following Avaj’’: 

Every morning, for from one to three daj's, a certain area of 
the skin over a/m. biceps was treated with ultra-violet rays, at a 
distance of 20 cm for 2 to 3 minutes. A few hours later, the first 
intra-muscular temperature w'as determined on the treated and 
untreated sides. 

From the table and the figure, it is seen tJiat the intra-muscular 
temperature is higher on the side where the skin lias been treated. 
This increase lasts for some daj'^s after radiation lias ceased. In 
the last experiment, the increase lasted for three days after. the 
final treatment. Here the most considerable difference found in 
temperature amounted to about 2°C. 
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Table II. 


Treatment of right upper arm 12/11 13/11 14/11 9 a. m. 

Ill 14/11 Measurement of treated right arm Measurement of untreated 


4 p. m. 

proximal . . 30. 9 

36.9 30.8 


left arm. 

proximal 30.2 

30.1 36.1 


30.9 

30.9 30.9 


3G.1 

30.1 35.9 


Treatment of right upper arm 21/11 22/11 23/11 24/11 7 a. m. 
23/11 4 p. m. Measurement of (rented and untreated arm 

Treated arm Untreated arm. 

30.07 35.00 

24/11 37.02 30.10 

25/11 30.19 30.30 


IV. Treatment of left upper arm 28/11 30/11 1/12 8.45 a.m. 

1/12 4 p.m. 37.20 30.24 

3/12 30.82 30.22 

4/12 30.52 30.32 


Treatment of left upiier arm 

7/12 and 8/12, 0.45 a.m. 

7/12 3 


,30.19 

35.57 

8/12 4 

p.m. 

30.58 

34.02 

9/12 


30.40 

35.09 

10/12 


30.87 

35.82 

11/12 


30.12 

35.10 

12/12 


30.15 

37.75 


What is the explanalion of tliis protracted increase in tempera- 
ture after radiating with ultra-violet rays? One might suppose 
that heat is led from the erythema of the skin to the deeper tissues. 
This, however, is improbable. In experiment No. 2, the temperature 
was measured subcutaneously on both sides. On the second day, 
the temperature on the treated side was 35.4°, and on the other 
side 36.1°, i.e. the temperature beyond the erythema was lower 
than that measured intra-muscularly. 


^ Same person as in 1. 
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TJiere is a possibilil}^ of either a humoral or a reflex initiation 
of this increase in temperature in the muscle. One theory is that 
universal effect is due to substances which are formed in the skin, 
and re-absorbed from it. On the other hand, a reflex effect, dilating 
the vessels in the muscle, is more probable. The higher temperature 
would then be caused by the increased flow of blood. This agrees 



treated ami' a," untrialerm^^^^^ ‘cmperaUire between an ullra-violcl ray 
abscissa: days after Irentnicnl. 
ordinate: difference in lenipcralurc in c 
file pillar indicates light treatment. 


that tliis increa.se did not 

i"terrnpted. The obltZn is t ,’"™ 
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treatment lias ceased, may contribute to the explanation of its 
beneficial effects on rheumatic muscular affections. The present 
experiments permit us to draw only very careful conclusions 
but they may help to penetrate the mystery which surrounds 
the beneficial effect of slight bathss. 


Resume. 

The intra-muscular temperature is examined after radiation 
of a certain area of the skin over the muscle by ultra-violet rays. 

In the underlying muscle, the temperature is measured tliermo- 
electrically by inserting a thermo-junction. The intra-muscular 
temperature of the side treated with ultra-violet rays increases, 
and keeps at this level for several days after treatment. 
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Kreislaufstorungen bei Krampfanfallen epilepti- 

schen Typs. 

III. Das Elektrokardiogramm beim Elektroschock. 

Voii 

E. NYMAN und B. P. SILFVERSKI 5 LD. 

(Bei dcr Rcdaktiou an\ tt). Januar 1943 cingegangcn). 


In der vorlicgenden Serie von Unlcrsuchungcn uber die Kreis- 
Jaufsphysiologie des Krampfanfails isi bereits frulicr {Gord und 
Silfverskiold 1943, Silfverskidld und Amark 1943) angegeben 
worden, dass man beim kliniseben Elekiroscliock cin Bild crhiill.' 
-welches an die Verhaltnisse beim Valsalvaschcn Versucb crinnerL 
Dcr inlraabdominale Druck sieigi schr stark, und dcr intralhora- 
kale erreicht oft hohe Werlc. Hand in Hand damit geht cine 
Drucksteigerung in Arterien, Venen und Liquorraumcn, und ferner 
scheint im Zusammenbang mit der Abnahme des Schlag\’olumcns 
der Blutstrom zur Peripherie cine Bceintraclitigung zu erfahren. 

In einer Arbeit von Streit (1941), ul)cr welche uuten des niiheren 
berichtet werden, wird, werden Ekg\^cranderungen nach Eleklro- 
schock beschrieben. Diese erinnem in gewdssen Bczichungcn an die 
Beobachtungen bei spontanen cpilcptischen Anfiillen sowie 
beim Cardiazolschock, in einigen Punkten aber auch an das Arl)cils- 
ekg. Gewisse gemeinsame Ziige scheinen also das Ekg bei Krampf- 
anfallen epileptischen Typs, gleichgultig ■svclcher Atiologic, zu 
kennzeichnen. So konstatierten Hadorn und Tillmann (1935) 
unmittelbar nach epileptischen Anfallcn Ekgvcrlinderungen derjeni- 
gen Art, wie sie im Arbeitsekg gewohnlich sind: cine rclativ rasch 
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vorubergehenclc Holienzunahme der T-Zacken. Diese Auloren 
bezeichnen auch den Krampfanfall als den adaquaten sArbeitsver- 
such« fiir den Epileptiker. . , 

Das Ekg nach Cardiazolschock ist u.a. von Hadorn (1937) stu- 
diert worden, der eine betrachtliclie Tachykardie sovae oft eine 
Senkung der S-T-Strecke, im Verein mit Hdlierwerden der T- 
Zacke, feststellte. Ausserdem land er haufig Vorhofstdrungen, 
wie Reizleitungsveranderungen, Exlrasystolen und in vereinzelten 
Fallen aucb Vorhofflimmern. Hingegen bat H. laut Angabe nach 
Cardiazolscbock nicbt die seiner Ansicbt nacb fiir den Insiilin- 
scbock typiscben Dauererscbeinungen von Herzmuskelscbadigung 
in Form von Senkung des Zviscbenstucks usw. beobacbtet. 

Geraiidel (1938) konnle nacb Cardiazolscbock keine grdberen 
Vcranderungen des Ekgs konslaiieren, bemerkle aber in grosscm 
Umfang neben der Tacbykardie nocb eine Holienzunahme und 
Formveranderung der P- und T-Zacken, besonders inavkant in 
Ableitung 2 und 3. Die Befunde wecbseltcn allerdings von Fall 
zu Fall recht stark. 

Regner und Ewert (1939) sabcn bei 10 Fallen von Scbizoplirc- 
nie nacb Cardiazolscbock zunaclist abwecbselnd eine Vergrosserung 
und Verkleinerung der T-Zacken. Auf eine Erlidbung iiber den 
Ausgangswert binaus folgte regelmassig eine oft anhaltcnde und 
gewdhnlich von einer Senkung der S-T-Strecke begleilele Ab- 
flachung. Diese Veranderung liess sicb in gevissen Fallen nocb 2 
Stunden nach dem Scbock feststellen. 

Streit (1941) war der erste, welcber das Ekg im Zusamnienbang 
mit dem Elektroschock zum Gegenstand einer Untersuchung 
grdsseren Massstabs gemacbt hat. Sein Material bestand aus rund 
40 Patienten, grdsstenteils altern Scbizopbreniefallcn. Unmittel- 
bar nacb dem Scbock vmrde durcbweg Sinustacbykardie bis zur 
Schlagzahl 250 wahrend 1 — 4 Minulen beobacbtet. Vorhofflimmern 
kam nicbt vor. Man fand 3 — 4 Minuten nacb Scbluss des Krampfs 
in- gewissen Fallen Extrasystolen. Regelmassig nabm die Hdhe 
der P-Zacken nacb dem Krampf zu; dies war namentlich bei Pj 
der Fall. Der QRS-Komplex wies wechselnde Veranderungen auf, 
u.a. sowobl Erhdbung wie Abflachung der R-Zacke. Das Ver- 
halten von R^ war jedoch bemerkenswert einbeitlicb, namlich 
Senkung in 30 von 35 Fallen. In alien Ableitungen wnrden die T- 
Zacken vie nach spontanen epileptiseben Anfallen holier. Nach 
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einisen Minuten wurclc cUese Veranderung von emer markanlen 
Verflachung abgclost, die bei T, am Avcnigslen bei 4 am meislcn 
ausgepragi war. Die S-T-Slrecke war m ca. % dei Fallc gesenkt, 
diese Veranderung blieb indessen nicht langer als 1 Stimde bcslc- 
hen. Oft wurden U-Wellen beobachtet. Beim Abortivscliock sank 
die Herzfrequenz in dor Regel um 10—20 Scblagc pro Minute. 
Bei einigen dieser Fallc kam es sogar zu langdauerndem Herz- 
stillstand, bei dem S. einigc ausscrsl bedroblicbe Zustandc mit 
»Schaum vor den Lippen« imd ))Gesicblsfarbc schwarzblam bc- 


schreibt. 

■ Holzer und Polzer (1941) fandcn ini Ekg nacli Eleklioschock 
regelmassig Sinustacbykardie, P pulmonale und Koronarinsuffi- 
zienz rechts. Hirer Ansichl nach gleiclicn die Veranderungen im 
Prinzip denen beim chemiscb ausgeldslen Scbock, nur sind sic iveni- 
ger ausgesprochen als bei letzlerem. Die Koronarinsuffizienz dcr 
rcchten Herzbalftc besilzt Interesse, da sie scheinbar mit eincr 
Behauptung im Einklang stcht, welchc im ScbriflLum iiber das Ekg 
bei spontancr Epilepsic grosse Verbreitung gefunden hat. In dic- 
sem hatte man frulier, zum Toil auf Obduktionsbcfnndc und 


Ergebnisse von Tiervcrsuchcn gcstiitzl, gcltcnd machen wollcn, die 
Epilepsie babe cine fortsclireilende Koronarinsuffizienz zur Folge, 
und zwar deshalb, weil ein Koronarspasmus einc Ivomponcnlc 
des Krampfanfalls bilden soli., Gegcn diese BcbaupUing baben 
indessen Hadorn und Tillmann (1935) cine sebr woblbegriindele 
Kritik gericlitet. Der Wert der Arbeit von Holzer und Polzer wird 
durch erhebliche Irrtiimer ihrer allgcmeinen Anschauungen iiber 
den Elektroscliock verringert. 

Allerdings komint cs aucli nacli dem Valsaloaschcn Vcrsuch 


zu belrachtliclien Veranderungen im Ekg. iMithin lag der Vcrsuch 
nahe, die Ekgbefunde nacli Eleklrokrampf und Valsalvasciiem 
Versuch des naheren miteinander zu vergleichen, in der AbsiclU. 
zu vermehrten Erfahrungen binsichllich des einleitend angcslelllen 
Vergleichs zwschen den Zirkulalionsbcdingungen bei diesen 
bciden Zuslanden zu gelangen. 


Das Ekg beim Valsalvaschen Vcrsuch ist zuenst von Kahn (1909) 
hcschrieben ivorden. Ein mclir ins dnzcine gcliendes Sludium 
von Bilrgcr (1921, 1925, 1926) durchgefuhrl, der auf dem 
Standpunkt steht, cs hessen sicli diaraktcrislischo Vcviinderunffen 
durchaus mclit immer naclnveiscn. Die IMstprcssorisclio Brady- 
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kardic, welclie naliirlicli schon vorher bekannt gewesen war 
kann nach Burger von Exlrasyslolen, evil, in Form frustraner 
Kontraktionen, verdeckt werden, walirend markantere Arrhyth- 
mien in diesem Stadium auf praformierte Myokardschadigunoen 
hindeuten sollen. In seiner letztcn Arbeit (1926) fasst Burger gewisse 
Hauptkennzeichen fiir das pressorische Stadium zusammen: ver- 
kiirzte Herzpausc, gesteigerte Hdhe der P-Zacken, Anderung 
des QRS-Komplexes, Verkleinerung der T-Zacken. Keiner dieser 
Befunde kam jedoch ausnahmslos vor. Postpressorisch kann die 
P-Zacke ganzlich verscliwinden, der P-R-Abstand grosser ^Ye^den 
und einzelne Sy^stolen ausfallcn. Ferner kommen bin und weder 
airioventrikulare Extrasystolen, wandernde P-Zacken und Disso- 
ziation zvdsclien Vorliof und Kammer zustande. Das Bild lasst sicli 
nach B. am besten im Sinne einer pressorischen Accelerans- und 
postpressorischen Vagusdominanz deuten. Ganz konstant vorkom- 
mende Veranderungen im postpressorischen Stadium sclieinen 
nacli Burger nicht zu existieren. 

Nordenfelt (1934) konstatierte cine Senkung von Tg ■\vahrentl 
der pressorischen Phase des Valsalvaschen Versuchs sowde in einem 
Falle ausserdem Inversion der ganzen Kurve in Ableitung 1, tos 
als Folge der durch den Druck verursachten, einen Situs inversus 
nachahmenden Verscliiebung des Herzens aufgefasst voirde. 

Ein sehr grosses Ekgmatcrial liat Borst (1935) bearheitet. 
der bei 400 Uuntersuchungen wahrend und nacli dem Valsalvaschen 
Versuch eine ganze Reihe verschiedener Veranderungen heob- 
achtete. Insgesamt warden Storungen in ca. 20 % des Materials 
entdeckt. Diese bestanden einmal in pressorischer Vorhofpfropfung 
und verandertem Reizursprung sowie Extrasystolen, sodann in 
postpressorischen Reizleitungsstorungen und Anderung des Reiz- 
ursprungs auch in diesem Stadium. t)ber markante und durclnveg 
auftretende Veranderungen der Hdhe der einzelnen Zacken wird 
nicht berichtet. 

Schlomka und Lammert (1935) fanden im grossen ganzen 
dasselbe wie Burger, meinen aber ausserdem regelmassig eine 


,, , . , , Hdhe der S-Zacke 

Verscliiebung des Quotienten festgestellt zu 

Hdhe der R-Zacke 

haben, indem dieser sich dem Wert 1 naherte Oder denselben unter- 
schritt. 
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Es ist indessen von vornherein darauf hinzuwciscn, dass bci 
einem Valsalvaschen Versucli diejenige Druckhdhc nic orreicht 
werden kann, mit Avelcker wir es in einem Krampfanfall walircnd 
des Elektroschocks zu tun haben. Wir rcchnen damil, class sich 
in der toniseben Phase des Elckirokrampfs bei jungeren Mannern 
fijj. 10—15 Sekunden ein intraabdominalcr Druck von uber 200 
mm Hg und ein intrathorakaler von mebr als 100 mm Hg crziclcn 
lasst. Im Laufe von ca. 30 Sekunden kcbrl dann der Druck in 
den grossen Korperhohlen zu den AusgangSAverlcn zuruck. Bcim 
Valsalvaschen Versuch konnen derarlige individuen vicllcicbl 
einen intrathorakalen Druck von 60 mm Hg % blinutc lang auf- 
rechterhalten; der Druck in der Bauchhohlc isL hierbei ungefalm 
ebenso hocli. Bei den im folgendcn bcscliricbencn Untersucliungcn 
waren die Versuchspersonen beim Valsalvaschen Versuch kriifUgc 
jiingere Manner, wahrend die Wirkungen des Elckirokrampfs 
grosstenteils an wciblichcn Kranken sludiori vnirdcn; hiordurch 
wairde der Druckunterschied zwischen den beiden Serien redu- 
ziert und die Vcrgleichbarkcit dersclben viellcichl gesleigert. 

Ferner sei in cliesem Zusammenhang noch hcrvorgchol)cn, 
class das Elektroschockmaterial einige iillcrc Frauen enlhalt, bei 
denen der Verdacht auf cine gewassc ^.linderwerligkcit des Myo- 
kards hichl unbeclingl von der Hand zu weisen war, venn aucli 
das Ekg vor der Schockbehandlung keinerlei Anhallspunkte fiir 
sichere pathologischc Veranderungen im Sinne der iiblichcn 
Deulungsweise. ergeben halle. Wir haben indessen weder in der vor-’ 
liegenden Vcrsuchsreihe noch auch iiberhaupl jcmals bei dem 
umfassenden Gesamlmatcrial der Psycliiatrischen Klinik so beun- 
ruhigende Zwischenfallc we die von Slreit beschriebenen goschen. 
Dies kann darauf zuruckzufuliren scin, class sich unter den von 
S. untersuchlcn Personen melir soldie mil pathologisch verander: 
tern Herzen befunden haben als in unsorm Malcrial; die Ursaclic 
kann aber auch die sein, dass unserc Kranken wahrend einiger 

Minuten vor dem Schock regclmassig Sauersloffinhalationen 
crhallen haben. 

Meihodik 

Valsaluaschcr Versuch: Das Material- bcsleh I aus 13 gesunden 
Mannern mit kraftigem Kcirpcrbau im Alter 23—30 Jahre Die 
^ersuchspersonen mussten nacl, 10 tiefen Atemzugen 30 Sekunden 
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lang gegen ein AnaeroidmanomeLcr ausalmen, wobei der Druck 
] 3 ei 40—60 mm Hg gehalten werden konnle. Samtliche Versuche 
warden in liegendcr Stellung vorgenommen; Kollapse wurden nicht 
beoljachtet. Elektrokardiogramme wurden mit der Apparatur 
von Siemens in 4 Abkitungen unmiUeb^ar vor, wahrcnd und 
unmittelbar nach dem Versuch sowic 1 und 5 Minuten nach Schluss 
dessell)en aufgenommen. 

Elektroschock: Das Material cnlbalt 13 Kranke aus der Klinik 
im Alter 17 — 57 Jahre. Voh diesen waren 5 iiber 50 Jalire, 
2 zwiscben 40 und 50, 3 zA\4sclien 30 und 40 sowie 2 im Alter 20— 
30 Jahre; 11 waren Frauen, 2 Manner. Sie waren samtlich anam- 
nestisch und klinisch herzgesund. Das Ekg vor dem Schock 
wies bei keinem der Falk sichere pathologiscbe Veranderungen auf. 

Das Verfabren bei der Scliockbebandlung cntsprach in alien 
Punkten der in der Psycbiatrischen Klinik gebraucblicheri Routine. 
Hier sei noch einmal betont, dass wr der einigc Minuten dauemden 
Sauerstoffinhalation vor dem Schock Bedeutung fiir die Verliin- 
derung einer Asphyxie wahrend des letzteren zuschreiben. Unsere 
Resultate konnen infolgedesscn viclleicht nicht ohne weiteres 
mit denen alterer Untersucher vergliehen werden, in deren Material 
Asphyxie vorgekommen sein diirfte. 

Elektrokardiogramme wurden beim Elektroschock mit derselben 
Apparatur wie beim Valsalvaschen ^krsuch in 4 Al^kitungen und 
in der Reihenfolge: unmittelbar vor dem Stromstoss, unmittelbar 
nach Schluss des Krampfanfalls, ferner in der Regel 2, 4 — 5 bzw. 
9 — 10 Minuten nach dem Stromstoss aufgenommen. In mehreren 
Fallen wurde die Aufnahme unmittelbar nach Schluss des Krampfes 
durch motorische Phanomene rvahrend des Benommenheitsstadiums 
beim Erwachen erschwert. Ein Hinweis darauf, dass man wahrend 
des Krampfanfalls keine brauchbarcn Kurven erhalten kann, diirfte 
sich wohl eriibrigcn. 

Ergcbnisse. 

Die Elektrokardiogramme nach den Valsalvaschen Versucben 
sind den nach Elektroschock aufgenommenen Kurven in vielen 
Beziehungen sehr ahnlich. Der grosste und wichtigste Unterscbied 
liegt in der Schlagfrequen-z. Wahrend diese unmittelbar nach dem 
Valsalvaschen Versuch auf einen Wert sinkt, welcher die Ausgangs- 
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freauenz oft erlieblich untcrschreilci, crhalt man nach clem Krampf- 
anfall beim Elekiroscbock meistens eine siarkc Frequenzslcige- 
runt^, was ja auch von iilteren Untersuchern angegcben wordcn war. 
In dem vorliegenden Material saken wir Steigerungen von durch- 
schnittlicb > 30 %. Sons! wurden durcliwcg dieselbcn Verandc- 
rungen im Ekg sowohl nach Elektroschock als auch nach ^ alsal- 
vasdiem Versuch beqbachtet. Sic sind im wcsenllichen von fol- 
gender Art: 

1. Hdhenzunahme der P-Zackcn, namcntlich bci Po: bcrcils 
im Laufe wcniger Minuien, oder noch rascher, Ruckkehr zurNorm. 
Die Veranderung wurdc in beiden Sericn I)ci ca der Fallc fesl- 
gestellt. 

2. Pldhenabnalnne der R-Zacken, besonders ausgcsprochcn bei 
Ri, in beiden Serien bei 100 %. Der Ruckgang erfolgle auch hier 
in der Regel binnen weniger Minuien; fiir das Zuslandckommen 
der normalen Hdhe der R-Zacken waren jedoch bei einem Toil der 
Schockfalle mehr als 10 i^Iinulen crforderlich. 

3. Veranderung der Hdhe der T-Zacken, besonders markanl bei 
Tg. In ungefahr der Halfte beider Sericn bestanden die Verande- 
rungen in einer Zunahme; bei ca. % wurcle koine Veranderung 
konstatiert, bei dem Rest cine Abnahme. Die Riickkebr zu nor* 
malen Verhaltnisscn nalim gcwdhnlich Bruchleile einer IMinule, 
nur ausnahmsweise langcrc Zcil in Ans])ruch, 

Eine deutliche Senkung des S-T-Abslands wurdc nichl beob- 
achtet, was cvtl. der vorausgchcnclen Saucrsloffinhalalion zuge- 
schrieben werden kann. Aniiylmicn, Reizleitungssldrungcn und 
andere sebwerere Veranderungen, Avelche aUerc Untersuchcr in 
grossem Umfang gefunden liatlen, kamcn in diesem Material prak- 
tisch iiberhaupt nichl vor. 

In samtiichen Kurven wurden sclbsLversUindlich alle Zacken 
gemessen, aber aus Griinden der Plalzcrsparnis werden in den fol- 
genden labellen nur die Wertc fiir diejenigen Zacken angegeljen. 
welche die markantesten Veranderungen zeigen (Po, R^, T^). 
Aus Tab. 1, 2, 3 und 4 mrcl die Veriinderung der Zacken von un- 
mitlelbar vor bis unmillelbar nach dem Valsalvaschen Versuch 
) 2 %v. Elcklrokrampf crsicliUicl,. Danebcn finclol. man tlic prozen- 
tualc Verteilung der Veranderungen 
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Tabelle 

1. 


Valsalvascher 

Versiich. 



Tabelle 2. 
Elektroschock. 
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Tabelle 3. 
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Biirger eher der Seltenheit halber ])etont wurde. Wahrend der- 
postpressorischen Phase fand auch Burger durclnveg eine Zunahme 
der P-Zacke. 

Aus dem vorliegenden Material lasst sicli mithin herauslesen, 
dass die unmittelbar nacb dem Valsalvaschen Versuch und Elektro- 
kramf festgestellten Veranderungen in vielen wicbtigen Punkten 
auffallend ahnlich sind, was fiir eine gleicharlige Entstehungsweise ; 
spricht. Das-gemeinsame Moment, welches hierbei in erster Li- 
nie in Betracht kommt, ist natiirlicb die starke Drucksteigerung 
in der Brust- und Bauchbohle mit der Riickwirkung, die sie auf 
den Kreislauf ausubt. 

Was die Deutung von Einzelheiten bei den beobachteten 
Veranderungen betrifft, so stebt man grossen Schwierigkeiten 
gegeniiber, begreiflicherweise infolge unserer liickenhaften Kennt- 
nisse in bezug auf die Auslegung der, Ekgzacken tiberhaupt, Eine 
Hohenzunahme der P-Zacke pflegt man als P pulmonale zu be- 
zeichnen und auf Vorbofhj^pertropbie oder irn allgemeinen auf 
Drucksteigerung im kleinen Kreislauf zuriickzufuhfen. Letztere 
Erklarung erscbeint bier angebracbt, da anzunehmen ist, dass 
nacb sowobl Valsalvascliem Versuch wie Elektrokrampf eine 
betrachtliclie Erhdliung des Drucks vorliegen diirfte. Die Deutung 
der T-Zacken verursacbt erbebliclie Schwierigkeiten, weshalb 
man von einer Erdrterung in diesem Zusammenliang nicht viel 
erwarten kann. Immerbin sieht man nicht selten eine Hdhen- 
zunabme der T-Zacken im Arbeitsekg gesunder Individuen. Nor- 
denfelt (1942), der sicb speziell mit der Bolle, welche die vegetative 
Inners’-ation beim Ekg spielt, bescbaftigte, bat im Gegensatz zu 
einigen alteren Untersuchern bebauptet, dass das Ausseben der 
T-Zacken in gewissen Fallen mit dem vegetativen Tonus eng zu- 
sammenhangt, u.a. insofern, als Sympatbicusreizung eine Ver- 
kleinerung derselben bewirkt. Wir miissen uns jedocb bis auf 
weiteres des Urteils dariiber entlialten, ob diese Erfahrungen zur 
Erklarung bier vorliegender Befunde berangezogen werden sollen. 

Wie oben bereits betont wurde, machten sicb bei dem vorlie- 
genden Material keine Komplikationen von Bedeutung bertierk- 
bar. Samtliche im Schrifttum fiber Ekg beim Elektroschock 
angegebenen Komplikationen in Form von Arrhytbmie, verander- 
tem Reizursprung und Cberleitungsstorungen fehlen bier, abge- 
seben von einer rasch vorfibergebenden, sebr geringffigigen Vcr- 
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langerung der Obcrieitungszeil in einem Fall und cinem ebenfalls 
kurzdauernden nodalen Rhythnius in einem anderen. Die Auf- 
splitterungen des Kammerkomplexcs, welche bci alleren Individucn 
haufig Sind, und den man heulzulagc keinc entsclicidcnde patho- 
logische Bedeutung bcilegt, kommen naLiirlich aucb bei cinem 
Teil unserer alteren Falle vor. Dicso Veranderungen warden 
indessen von dem Elektrokrampf niclit ungiinslig becinflusst, 
in cinem Fall verscliwand sogar einc clcrarligc »AnomaIie« nacb 
dem Krampf fiir wenige Minulen. 

Da die einzelnen Kurven iiber die in den labellarisclien Zusani- 
menstellungcn angegebenen Einzclhciten Iiinaus keinc Aufschliisse 
von wesentlichem Wert vcrmittcln, wird auf einc Wiedergahe 
derselben an dicser Stelle yerzichtel. Als typische Beispicic seien 
nur zwei Kurvenabsclinille bci einem Fall von Elektrokrampf 
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unmittelbar vor dem Stromstoss bzw. unmittelbar nach Schluss 
des Krampfs angefiihrt. 

Das Ekgmaterial und die iibrigen Erfahrungen bei der Elektro- 
schockbehandlung scheinen uns eine optimistischere Beurteilung des 
Einflusses dieser Therapie auf das Herz zu rechtfertigen, als es 
nach einer Reihe von alteren Arbeiten im Schriftlum den Anschein 
hat. Das Ausbleiben bedeutsamer Komplikationen kann freilich 
auf die Zusammensetzung des Materials zuziickzufuhren sein, 
aber die giinstigen Ergebnisse stimmen, wie dben angegeben wurde, 
durchaus mit den in der Psychiatrischen Klinik gemachten all- 
gemeinen Erfahrungen iiberein, laut welcher der Elektroschock 
nicht einen fur das Herz allzu bedrohlichen Eingriff darstellt. 

Zusammenfassung. 

Von friiheren Erfahrungen ausgehend wird die Mogliclikeit 
erortert, dass die Kreislaufstorungen beim Elektroschock eine 
gleichartige Genese haben konnen wie die beim Valsalvaschen 
Versuch beobachteten. Elektrokardiogramme zweier Serien von 
je 13 Fallen mit Elektrokrampf und Valsalvaschem Versuch 
werden miteinander verglichen und weisen grosse Gbereinstim- 
mungen auf. In beiden Fallen findet man bei der Mehrzahl der 
Kurven eine Hohenzunahme der P- und Hohenabnahme der 
R-Zacken. Die T-Zacken verhalten sich mehr wechselnd, lassen 
aber nichtsdestoweniger in der Mehrzahl der Falle in beiden 
Serien eine grossere Hdhe erkennen. Da zuvor nachgewiesen 
worden ist, dass beim Elektrokrampf eine hochgradige Druck-. 
steigerung in der Rrust- und Bauchhohle zustande kommt, macht 
es den Anschein, als ob die Ekgveranderungen beim Elektroschock 
im wesentlichen gleichen Ursprungs und Wesens waren wie 
diejenigen, welche nach dem Valsalvaschen Versuch auftreten. 
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Besides llie annual official reports on new cases of syphilis, the 
frequency of this disease in the Norwegian population has hitherto 
chiefly been illustrated by examinations on autopsy material, 
and investigations in hospital departments. 

In the postmortem examinations from Gades Institut in Bergen 
during the period 1909 — 1940, Magne Svendsen (29) finds syphilis 
in 416 of 6036 postmortems, or in 6.89 ± 0.9 per cent. Among 3290 
men, syphilis was found in 292 or 8.9 per cent,- and among 27'16 
women in 124 or 4.5 per cent. The previous similar Nor\Yegian 
investigations in this field are also quoted here. 

Chr. Giertsen (12) examined a material consisting of 4001 
men, 4238 women, and 625 children treated in the internal depart- 
ment of Haukeland Hospital, Bergen, in the interval from 1925 
to 1932. He got positive information of syphilis infection anamnes- 
tical, clinical or serological in 418 or 10.44 per cent of the men, 
and 144 or 3.40 per cent of the women; further 23 cases of congeni- 
tal syphilis not counted in the material. 290 among the 562 patients 
with syphilis were hospitalized on account of diseases connected 
with syphilis, but in 275 cases the demonstraton of syphilis was 
merely accidental; that makes 3.3 per cent of the patients, 5 per 
cent of the men and 1.8 per cent of the women. 
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Haakon SieUire & Alf BrcLteville- Jensen (30) found in a men- 
tal department syphilis in 269 of 1525 patients, or in 1 /.63 per cent; 
25.2 per cent in men and 9.7 per cent in women. 

Til. M. Vogelsang (34) examined in the material from Cades 
Institut, Bergen, 15,097 serums from patients hospitalized for 
diseases not connected with syphilis and from some, presumably 
healthy persons. Among these, 3.8 per cent had more or less 
positive syphilis reactions. 

T. Holst-Larsen (1 7) investigated a material from Hllcval 
Hospital VH. Div., Oslo, (internal department), for the years 1 9.39 
and 1940. Among 3687 patients, 1730 men and 1957 women, he 
finds a syphilis frequency of 5.6 per cent, 7,7 per cent in men 
and 3.9 per cent in women. The percentage of latent syphilis 
within different age groups of the total material is also stated. 

The present authors (16) recently demonstrated seropositive 
syphilis in 8 of 1136 cases, or 0.7 ± 0.25 per cent, among persons 
volunteering as blood donors in the Norwegian Red Cross’ Blood 
Donor Service in Oslo, 

In Sweden and Denmark several investigations have been 
carried out on the frequency of .syphilis in hospital departments. 
Much of this material has been very carefully evaluated and sub- 
divided in different groups, in sex, and in a few also in age groups. 
The table 1 only contains the chief figures of these examinations. 

The material originates from different hospital departments; 
the investigations of Borberg & Petersen from an insane asylum; 
Boesen, and Lindahl from surgical departments; and Kallner from 
a medical outdoor department. The remaining material is derived 
from medical departments. 

By the nature of the case it is not possible to use these invest- 
igations for the estimations of the syphilis frequency in the populat- 
wn. There is reason for supposing that a relatively high frequency 
is to be found in medical departments, and a somewhat lower 
frequency in surgical ones. Kallner, however, has distinguished 
patients applying to a medical out-patient department with 
symptoms not connected with syphilis. He states that among 54 
cases of accidentally recognised syphilis 42 had a negative anam- 
nesis, and in 28 cases or about the half of the total neither anam- 
nesis nor clinical examination were able to reveal the infection. 
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Table 1. 

Invesligalions on Syphilis Frequency in Siveden and Denmark. 


Aulhor.s 

Period of 
investigation 

Number 

investigated 

Syphilis 

percentage 

Denmark 




Scliccl (26) and Faber (10) 

1914—1915 

1,356 

9.1 

Jorgensen (18) 

1923—1929 

5,158 

8.8 

Reymann & Wendelboe-Jorgen- 




sen (24) 

1937 

1,522 

5.7 

Borberg & Petersen (5) 

1939 

1,035 

5.5 

Sobye ct Nielsen (31) 

1935—1940 

14,140 

2.4 

Aggerbeck (1) 

1936—1940 

13,822 

2.1 

Boesen (4) 

1935—1942 

8,539 

0.7 

Sweden 




Eldb fOl 

1925 — 1931 

17,108 

2 2 

Forssinan (11) (also publisbed by 




Ingvar) 

1928—1931 


2.5 

Kallncr(19) 

1938 


0.7 

Lindabl(20) 

1939—1940 


0.8 


Reymann (22) has estimated the syphilis frequency in llie 
Danish merchant marine. Among 837 officers and men he finds 99 
persons with syphilis, or 11.8 per cent. The frequency varies 
between the different groups of merchant mariners. In another 
investigation (23) he finds that among 627 persons with fresh syphi- 
lis infections 269 or 42.9 per cent were infected abroad, and that 
seamen were responsible for 94 per cent of the syphilis importation. 

Seamen in their native country are not more frequently in- 
fected with sjqjhilis than their countrymen, but owing to their 
occupation thej’’ spend part of their life overseas, in a milieu often 
heavily infected with syphilis, as in many seaport towns; they are 
conclusively exposed to a greater risk of infection. Between other 
respectable orders of society one may not expect great differences 
in the syphilis frequenej’’ in this country, as matters stand. Even 
among 1200 women compulsorily examined through the municipal 
health department of Oslo, Borgen (6) found only 85 seropositive 
or 7.1 per cent. Most of these investigated w'ere women with a 
rather lax morality, either charged as sources of infection witli 
venereal diseases, or seized for compulsoril}’^ examination in police 
raids on certain coffe-houses. 
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In Finland 527 Carelian factory workers were examined by 
Maiiala (21). He found the Bordet-Wassermann reaction positive 
in 8 cases, the Kahn test in 11. and the Muller Ballung test in 14 
cases. Only 3 of the workers were aware of their infection; they had 
previously been treated and thought themselves cured. 

The latter investigation is confined to a single district and a 
certain occupation and includes comparatively few persons, so 
that it is not. possible to form an idea of the syphilis frequency 
within the different ages; and even if it is based upon presumptively 
healthy persons the investigation can therefore not be considered 
representative of the Finnish population. 

The investigation of Reymann deals with a selected material 
with a high exposure to infection. The material of blood donors 
recently examined bj’’ the present authors is also a selected mate- 
rial, as it only includes persons not aware, of any s^Tbilitic infec- 
tion; persons knowing of their syphilitic infection do not volunteer 
as blood donors. 

In the Scandinavian countries therefore up to the present 
time no investigation has ever been made on the frequency of 
lis in presumptively healthy persons, in a material considered to 
be representative of greater parts of the population of the country. 


Personal investigations. 

Material. 

Our material consist of blood samples from 10,453 presumably 
healthy persons, some of them policemen, but for the greater part 
belonging to the Civil Air Defence. The’ determination of the blood 
groups is obligatory in these ser\dces, and was carried out during 
the years 1940 and 1941 in the Slate Institute for Public Health, 
Wassermann division. The blood samples were collected bj’ diffe- 
rent physicians and forwarded to the laboratory. 

The aim of the blood grouping is that every man in the seiviccs 
concerned should know his own blood group in the case of injuries 
to himself caused by air raids requiring trealmcnt with blood 
transfusion, but also in order to enable him to give blood to in- 
jured fellow comrades. To minimize the danger of syphilis trans- 
mission, all blood samples were examined with serologic syplulis 
ests, because we, from our experience in the Norwegian Red 
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Cross’ Blood Transfusion Service in Oslo considered this to be a' 
necessary precautionary measure (16). In the case of positive reac- 
tions, a new blood sample -was taken later by the physician as a 
control. The interval between the first and second blood sample 
varied from 14 days to more than a year. At the same time the phy- 
sician was requested to procure clinical and anamnestical infor- 
mation from the man. 

The Civil Air Defence men consist of people from the most dif- 
ferent occupations and orders of society, previously organised in 
the Red Cross’ Auxiliary Corps, the Workmens Sanitary Service 
and similar associations; and different craftsmen and skilled wor- 
kers; and also tradespeople and others who lost their incomes in 
the beginning of the German invasion of Norway and got a tem- 
porary paid job here. The firemen have also been included in the 
Civil Air Defence Corps. Civil Air Defence services are established 
in all towns and industrial centres of any significance throughout 
the country. Our investigations involve the southern parts of 
Norway including Trondelag. The number of men employed in 
the Civil Air Defence Corps is roughly proportional to the fixed 
population in every place. We have not been able to demonstrate 
any differences in the rate of positive reactions between policemen 
and Civil Air Defence men, nor could we statistically prove any 
distinct variations between the different towns, nor between single 
towns nor between groups of them as seaside and inland towns. In 
the further discussion of the investigations we will therefore con- 
sider the material as a whole. 

In investigations of this kind one might imagine that patients 
who knew that they suffered from syphilis would refuse the collec- 
tion of a blood sample in order to keep this fact secret. And as a 
matter of fact, one of the men showing positive reactions told us 
that if the blood grouping tests had not been obligatory, he would 
not have delivered any blood sample, just in order to avoid the 
detection of his syphilitic infection. And even though the blood 
examinations were obligatory, we were far from having got blood 
samples from all men in the services. But refusal was principally 
caused by the people’s fear of being used as blood donors for the 
benefit of the enemy and against their wall. This was caused by 
rumours naturally arising among the people during war and enemy 
occupation and doing their Avork in different places, whereas in 
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most localities fcNV or none refused the blood grouping tests. The. 
latter localities did not shoWany higher percentages of scroposilive, 
syphilis than the former ones. And as a rule, the men die not 
imagine that the blood samples were examined wth syphilis tests, 
but "thought that it was only the blood group which was deter- 
mined. We llierefore assume that the men knowing of tlieir syphi- 
litic infection and for that reason having refused the blood group- 
ing, must have been very few and consequently do not noticeably 
influence the value of our investigations. 

From the foregoing it will be seen that our material must be 
considered representative of the towns and densely populated indu- 
strial centres in Soutliern Norway. 

In all cases we have obtained information about sex and age, 
tlms enabling the subdivision of the material in men and women, 
and in age groups. This is certainly of paramount importance in 
eveiy^ study of syphilis distribution, but has only been ]iaid sufficient 
attention to by a few investigators in this field. As an example of 
the conspicuous differences of syphilis frequencies with age, we 
can mention the investigations of Blount (3) on 5,000 American 
soldiers. He found among recruits a syphilis percentage of 0.52 in 
men between IS and 23 years, and 5.5 in those between 30 and 35 
years. In soldiers with previous sciwice he found 1 per cent syphili.s 
in the age group 20 to 23 years, and 18.1 per cent for men between 
32 and 59 years. . 


Methods. 

The syphilis tests yycvc carried out in direct connection with 
the blood grouping tests, according to the method previously 
described by one of us (13). As a routine wc use in this laboratory 
simultaneously the Bordet- Wassermann reaction, Mcinicke’s clari- 
fication test II. and the Wadsworth & Brown reaction in all scrum.s. 
Ihe latter is a very efficient modification and improvement of the 
Kahn test, introduced in this country by Th. Thjolla (7). It 
would be rather impracticable, hoYvever, to use our routine method 
for the present mass investigation where the great majority of 
he serums certainly would be negative on all reactions, and we 
la «wrefore to adapt a method most efficiently and readily able 
0 strain off the positive serums; and then afterwards reinve.stimale 
the latter throughout liy aid of the routine method, and addiliLal 
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reactions. In doing so, we could save a considerable amount of 
unnecessary labour. 

The syphilis test most commonly used for mass examinations is 
Meinicke’s reaction. Smthre & Bretteville- Jensen (30) have in our 
country recommended that the clinican himself perform the 
Meinicke reaction in the serum from the patient, and only forward 
the positive tests for a closer examination in a serological labo- 
ratory. We agree with these authors in that Meinicke’s reaction 
is excellent for mass examinations, and perhaps also the most 
sensitive precipitation test among all those having the necessary 
specificity. Still we had the impression that we in our routine 
material not infrequently had serums from syphilitics showing 
positive Bordet-Wassermann, but negative Meinicke’s reactions. 
Vogelsang (33) also warns against the use of Meinicke’s test as the 
sole reaction. 

By examining our routine material for the recent period we 
found among 36,356 samples (the present investigation not counted) 
5,415 showing distinct positive Bordet-Wassermann reactions; 
including 203 samples' exhibiting negative Meinicke’s reactions. 
They are divisible in the follovdng way: 

Positive Serums with Negative Memicke’s Reaction. 


Bordet- Wassermaiin -t- Wadsworth- Syphilis 

Dubious 

Non- 

specific 

Sum 

Brown -1- Meinicke — 87 

13 

17 ■ 

117 

Bordet-Wassermann + Wadsworth- 

Brown ■ — Meinicke — 51 

8 

'27 

80 

138 

21 

44 

203 


As we do not always receive diagnosis and clinical information 
about the blood samples forwarded to the laboratory, it is indeed 
possible that some of the 21 reactions above characterised as 
dubious actually are caused by syphilis. The 44 reactions described 
as nonspecific have been diagnosed as not caused by syphilis by 
repeated tests and in other ways, so that we in all these 44 cases 
with certainty can exclude syphilis as the cause of the positive 
reaction. 

If we for the sake of caution only reckon the 138 reactions 
connected with positive information about syphilis, we get the 
same the result that Meinicke’s reaction fails in 2.5 i 0-2 per 
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cent of the positive reactions. It may also be termed as follows: 
Persons with syphilis with positive Bordet-Wassermann s reac- 
tions have in 2 to 3 per cent negative -Meimcke’s reactions. 

We therefore supposed that the best method for straining of 
the positive serums would be the simultaneously application of the 
Bordet-Wassermann reaction and Meinicke’s reaction. Meinicke s 
reaction was only set up in tlie main series. In this way one would 
miss the positive reactions of prepotent strength, as these do not 
show. any clarification in the main scries; but they are very infre- 
quent, and in our routine material we never saw scrums giving 
Meinicke’s reaction of this kind and simultaneously negative 
Bordet-Wassermann reactions. The Bordet-Wassermann reaction 
was set up in a single dose of 0.2 cm^ serum, without any serum 
control tube. Our method was therefore very simple, requiring 
only two test tubes, one for the Meinicke and one for the Bordet- 
Wassermann reaction. 

The method employed was consequently the following: Simul- 
taneously with the pipetting of serum for the agglutinin deter- 
mination in the blood grouping tests, 0.2 cm^ scrum for the Mci- 
nicke reaction and 0.2 cm® serum for tlic Bordet-Wassermann 
reaction were also pipetted off in their respective tubes. When all 
samples have been manipulated, the rack of tulics containing the 
serums for the Bordet-Wassermann reaction was incubated in a 
water bath at 55 C for fifteen minutes. Thereafter to every tube 
was added 0.3 cm® physiological saline solution, 0.5 cm® Wasser- 
mann antigen suspension, and 0.5 cm® complement solution in the 
ordinary way, the rack incubated in a water bath at 37 C for half 
an hour and the sensitised sheep cells added. The rack was replaced 
in the water bath for ten minutes and the results then read. All ' 
samples shoving the slightest trace of positive reactions in one or 
both tests were afterwards thoroughly reexamined by our routine 
method with a complete Meinicke’s reaction, the Wadsworth & 
Brown reaction, and the Bordel-Wa.ssermann reaction with the 
serum doses of 0.2, 0.1, 0.05, and 0.025 cm®, and a serum control 
tube containing 0.2 cm® serum; as well as additional svphilis tests. 

For the Meinicke reaction we regularly employed^bc anti<^en 
produced by Astra (Sweden), whicli has yielded constant and good 
results m the period we have used it, and which one of us lias pre- 
viously sliown and laid down in a special communication (13). For 
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tlie Wadsworth & Brown reaction we Jiavc produced the antigen 
ourselves after the metliod specified by the inventors, and used the 
original procedure for the reaction, and not the modification pro- 
posed by Borgen & Natvig (7). This reaction has in our hands 
shown approximativcly the same sensitiveness and specificity as 
the Meinickc reaction. 

The positive scrums Avere preserved in a frozen state in a refri- 
gerator for later supplementary examinations. 

Besides the reactions employed for the routine tests we have 
also used a number of collateral reactions by way of making sure 
whether the positive reactions Avere nonspecific or AA'ere caused 
b}' sj'philis. These reactions AA'ere the Palligen reaction, the Kahn 
.standard reaction, the Miiller Balhmg (conglobation) reaction, 
the Sachs & Georgi reaction (lentochol reaction), and the Sachs & 
Witebsky reaction (citochol reaction). 

In order to delect nonspecific reactions, the Palligen reaction 
is of superior importance. This reaction has been carried out Avith 
an antigen produced by Sachsische SeruniAverke, Darmstadt, 
Germany^ The antigen consists of a suspension of a culture of 
Treponema pallidum, to be used AA'ith an addition of equal parts of a 
0.3 per cent phenol solution for a complement fixation reaction. 
AMiereas the Bordet- Wassermann reaction is caused by hetero- 
phile antibodies, the Palligen reaction is considered a specific reac- 
tion, and this is supported by"^ experiments carried out by different 
inA^estigators. Tlie Palligen reaction AA'as first employ'ed in this 
country by Vogelsang (34), aa'Iio has published his experiences 
AA'ith this test in scA’^eral communications. 

It is noAv currently knoAA-n that syphilitic serums giAung a posi- 
tiA^e Bordet- Wassermann reaction, after an appropriate absorbtion 
AA'ith the Wassermann antigen still give a positiA^e Palligen reaction, 
AA'hereas the Bordet- Wassermann reaction after the absorbtion 
turns negative. The Palligen reaction has thus efficiently been in- 
strumental in our inA^estigations to decide AAdicther the positiA'e 
Bordet- Wassermann reactions AA'ere specific or nonspecific. We 
have encountered some cases giA'ing a A'erv' strong positiA'e Bordet- 
Wassermann reaction, also confirmed by examinations in Iaa'O 
additional serological laboratories, but shoAA'ing a completely 
negative Palligen reaction also AA'ithout preceding absorbtion 
AA'ith the Wassermann antigen. Reactions of this ty'pe, AA'hich are 
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not also supported by positive precipitation tests, certainly are 
nonspecific. We have detailed elsewhere (15) two cases of these 

nonspecific reactions relating to father and son. 

The Palligen reaction was carried out according to the specifi- 
cations in the directions from the manufacturers and also employed 
by Vogelsang, but with the addition of a titration of the serum by 
the use of more serum doses, as in the Bordet-Wassermann reac- 
tions. In so doing we got the impression that the Palligen reaction 
commonl}^ gave the same titer as the Bordet-Wassermann icac- 
tion. Still we hold the opinion that the Palligen reaction, using 
a rather anticomplimentary antigen, can in no way enter into 
competition with the Bordet-Wassermann reaction as a routine 
method; but it is a superior test to decide if a positive Bordet- 
Wassermann reaction is specific or nonspecific, in doubtful cases. 

For the Kahn, Muller, lentochol and citochol rcaclion.s wo have 
used commercial antigens, and folloTved the aecom]>anying direc- 
tions for use. 

Among tlie 161 persons showing positive reactions on one or 
more tests, we obtained additional blood samples from 110, From 
a few persons we got even more blood samples, in cases of non- 
specific reactions, in order to subject them to a closer study. From 
18 of the others we thought it unnecessary to collect new samjilo.s.. 
as they during the intervening time admitted the knorvlcdge of Uicir 
syphilitic infection. A total of 3.8 persons refused the collection of 
a new blood sample for .syphilis IcsLs. Some of these too certainly 
have refused because they knew that thej' pi'cviously had a syj)hi- 
lilic infection. In these cases we arc forced to support ov\r decision 
of the diagnosis on the examination of a .single l)Iood samjile, 
however with several sensitive and specific rcaclion.s. Of thc.se .33 
cases we have considered 23 as caused by .syphilis, and 10 ns dubious 
or nonspecific reactions. 

Clinical and anamneslical information wa.s procured in 100 
cases. 


Results. 

Among the 10,d53 persons examined, 161 showing positive 
syplnhs reactions in one or more blood .samples Yvcrc found. Bv a 
c oser examination with the aforementioned supplementary reac- 
lons, as well as with the aid of the collected clinical and anam- 
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nestical information, we estimated that 122 of the cases \vith 
certainty or predominant probability were caused by syphilis 
Avhile 21 certainly were nonspecific, and 18 dubious. 

Of the 122 specific reactions 96 were positive in all tests, whereas 
26 were positive only in the precipitation tests. Of these 26, 10 
admitted their syphilitic infection, 7 claimed ignorance of their 
infection, and 9 gave no information at all. 

The nonspecific reaction as a rule were of a transient nature. 
Some of them were isolated transitory positive Bordet-Wassermann 
reactions, of which we have described elsewhere two of the cases 
with a familiary occurrence (15). Others w^ere positive both in 
the Bordet-Wassermann reaction as well as in some of the preci- 
pitation tests, but negative in the Palligen reaction and transitory. 
In one case the Bordet-Wassermann reaction has been very strongly 
positive during the whole period of our observation and remains 
still strongly positive, while the Palligen reaction and all precipi- 
tation tests remain completely negative. The positive Bordet- 
Wassermann reaction in this case has also been confirmed by exa- 
mination in two other serologic laboratories. Most of the nonspeci- 
fic reactions have been positive Meinicke’s reactions chiefly of a 
transitory nature, but also some remaining positive in repeated 
samples. The latter originated from some allergic persons, where 
w^e have the impression that isolated constantly positive Mei- 
nicke’s reactions of a nonspecific character are not infrequently 
met with. 

18 of the positive reactions we have characterised as dubious, 
and not counted them in our material of positive reactions. Most 
probably, however, some of them have been due to syphilis, but 
the bulk of them have been feeble reactions only positive in some 
of the precipitation tests, and they could therefore as a rule not 
be counted as representing distinct seropositive persons, even if we 
possessed anamnestical information about syphilis infection. 

Vogelsang (34) in his material from Gades Institut in Bergen 
had a considerable number of positive reactions in patients suffer- 
ring from malaria, which reactions he thought to be nonspecific. 
Jilost of the persons in our material have been questioned as to 
malaria infection, and 87 of them state that they previously have 
been infected Avith malaria. Of these, 83 were completely negative 
on all syphilis tests, and 4 had positive reactions. Of the four, 
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one had suffered from a primary syphilis and had been treated 
with one course of injections in a Scandinavian hospital, but the 
three others were unaware of any syphilitic infection. But as all 
reactions were distinctly positive in these three persons, wc have 
counted them among the reactions with certainty or predominant 
probability caused by syphilis. Wc hold the opinion that if the 
Bordet-Wassermann reaction is more frequently positive in persons 
previously suffering from malaria than in other persons, it may 
naturally been explained by the fact that the former, in the milieu 
where they contracted malaria fever, also had a greater chance 
than others to be infected with S 3 'philis. In an investigation from 
Sweden, Gunhild Bergstrom (2) also claims that malaria patients 
not often show nonspecific positive syphilis tests, while in tlie 
literature the frequency of nonspecific Bordet-Wassermann reac- 
tions in malaria patients is stated with very different percentages, 
from 0 to 80. Our material includes strictly speaking not malaria 
patients, but only persons who on some occasion or other have 
gone through a malaria fever, but for the present arc free from 
symptoms. 

In an investigation of this kind one must not too readily count 
transitory positive reactions as nonspecific. In one of the cases 
showing a weakly positive Bordet-Wassermann reaction and 
strongly positive precipitation tests, a new sample collected M 
days later exhibited completely negative reactions in all tests. We 
would have been forced to count the positive reactions in the 
first sample as nonspecific, if our register had not informed us that 
the identical man a year previouslj'^ had been under treatment for 
syphilis, and that a blood sample taken on that occasion had 


been completely positive. The man had accordingly been treated 
in the interval between the taking' of the two last samples, and 
was on the last occasion in a seronegative phase. In another case 
the brst sample showed a feebly positive Bordet-Wassermann 
reaction and precipitation reactions of medium strength, whereas 
supplementar}’^ sample taken 3 months later was completely 
negative in all tests. This patient then informed us that be was 
under treatment for sypiiiJis. 


nit.+Jrr''.' reactions in some of the prcci- 

L.,. r, ^ admitted a previous syphilitic infection. If we in 

I ve courted I"'”' T®'" ,ve would 

ua\e counted the reactions as dulhoui 
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The persons examined included 9,531 men and 922 women 
Among the men 115 had positive syphilis reactions, and among the 
Avomen 7. For men Ave therefore find in the collected material a 
frequency of seropositive syphilis of 1.2 ± 0.1 per-cent. Such a 
figure, hoAveAmr, does not tell us much; a considerably greater im- 
portance must be attributed to the distribution of the cases Avithin 
the different ages, Avhich is shoAA’n in table 2. 


Table 2. 


Age Dislribulion of Seropositive Syphilis Cases in 0531 Norwegian Men. 



Number of 

Cases of 


Number of 

Cases of 

years 

persons 

examined 

seropositive 

syphilis 

years 

persons 

c.xaminecl 

seropositive 

syphilis 

15 

16 


48 

243 

5 

16 

42 


49 

198 

5 

17 

108 


50 

216 

5 

18 

181 


51 

165 

1 

19 

219 

1 

52 

177 

3 

20 

260 

2 

53 

161 

4 

21 

216 

1 

5-1 

122 

5 

22 

301 

1 

55 

136 

2 

23 

267 


50 

no 

2 

24 

269 

1 

57 

103 

2 

25 

282 


58 

98 

2 

26 

269 

2 

59 

80 


27 

261 


60 

66 

2 

28 

280 

3 

61 

62 

3 

29 

273 

1 

62 

46 

1 

30 

277 

1 

63 

46 

2 

31 

240 

2 

64 

44 

2 

32 

266 

2 

65 

27 

1 

33 

229 

1 

66 

30 

2 

34 

264 

4 

67 

8 


35 

240 

1 

68 

11 

1 

36 

216 

3 

69 

4 


37 

201 

6 

70 

5 


38 

222 

3 

71 

3 

1 

39 

221 

3 




40 

207 

4 

mM 

1 


41 

197 

5 

lA 

■ 1 


42 

217 

3 

75 

1 


43 

239 

2 

76 



44 

198 

3 




45 

203 

3 


1 


46 

221 





47 

260 



1 


Sum 9531 

115 
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It be seen that the number of seropositive men increases 
rvith age. This appears more distinctly if the material is arranged 
according to age groups and. the percentages calculated m everj 
group, as showTi in .table 3. 


Table 3. 


' Frequency of S€ropost7fi;c Syphilis in Diflerenl Age Groups in 9531 

Norwegian Men. 



o . 55 
c 

H 3 5 

<A w 

^ S 1 

iS;? ■ 

3| S 

3 O 

n 55 
o 2 

P — 

■ Age group 

5.n ? 

3 = £? 

2^0 

P p 

o|‘ 

§£. 

«» 

P. 2. 

O 

-* 

' < n 


lA ST, 

C 

15.^19 

5G9 

1 . 

0.18 ± 0.18 

1 

1 

20 29 

• 2C78 

11 

O.-ll ± 0.12 

3 


30 39 

2376 

26 

1.09 ± 0.21 

4 


40 49 

2183 

36 

1.65 -i- 0.27 

' 7 


50 59 

1368 

26 

1.90 ± 0.37 

1 


CO and more .... 

357 

15 

•1.20 ± 1.06 

2 



9531 

115 


IS 

18 


The table indicates a distinct uniform augmentation of the 
syphilis frequency Avith increasing years. However, the standard 
error of the differences between the percentages from neighbour- 
ing groups show that the differences in most cases are not statis- 
tically significant. To get a more decisive proof that the frequ- 
ency of syphilis increases vitli age in this material, we must compare 
larger age groups, and as most suitable we can clioose the age 
groups from 20 to 39, and from 40 to 59 years. The figures will 
then be; 


Age group 
20—39 
•10—59 


Number of men 
examined 

50.’)-l 

3551 


Number of sero- 
positive men 

37 

f.2 


Percentages sero- 
po.sitive men 

0.73 ±0.12 
1.75 ± 0.22 


. The standard error of the difference i.s here ]'^0,12“-f 0.22^=0.25. 
As the difference is 1 . 75 — 0.73 = 1.02, it is more than four limes 
the standard error, i. e. the odds arc more than one to 17,000 that 
the difference is not only a matter of chance. 

7 ? ~ Acta med. sCandinav. Vol. CXIV. 
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There are three main factors which cause the augmentation of 
syphilis frequency with increasing age: 

1. The higher ages have been exposed to the risk of infection 
during a longer period than the younger ones. 

2. The number of new syphilis cases has been decreasing 
during the last decades of years, resulting in a lesser risk of infec- 
tion for the younger ages; chiefly as a consequence of a better 
treatment of sources of infection. 

3. Comparatively more persons of younger ages have received 
early and intensive treatment and are thus rendered seronegative. 

We obtained clinical and anamnestical information about 83 
of the 115 seropositive men. 44 of them stated that they had no 
knowledge of their infection, whereas 39 admitted the knowledge 
of having been infected with syphilis. Of these 39 men, 14 were in- 
fected in Norway and 7 overseas, but 18 did not mention the place 
of infection. 33 men were able to specify the year when the in- 
fection had taken place, as sIioato in table 4. 


Table 4. 

Date of Syphilis Infection among 33 Seropositive Men. 


Year 

Cases 

Year 

Cases 

Year 

Cases 

1902 

1 

1920 

2 

1932 

2 

1907 

1 

1923 . 

1 

•' 1935 

1 

1909 

1 

1924 

2 

1937 

1 

1914 

1 

1925 

3 

1938 

2 

1917 

3 

1926 

2 

1939 

2 

1918 

1 

1928 

1 

1940 

2 

1919 

1 

1931 

1 

1942 

2 


It appears that about the same number have been infected 
in each of the three last decennia, but only 3 before 1910. The age 
when infected varied between 18 and 47 years, averaging 27 years. 

11 men stated that they had been sailors for a shorter or longer 
period; of these 8 knew of their infection and 3 did not. 

Of the 39 men knowing of their infection -with S 3 ^philis, 11 stated 
nothing about the treatment, wiiereas 2 admitted that they had 
not had any treatment at all. 26 stated that they had been treated, 
.and 24 of these informed us about the kind of treatment. This 
is summed up in table 5. 
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Tabic 5. 


The Kind of Trcalmcnl in 24 Seropositive Men. 


Number 
of men 

Kind of treatment 

Number 
of men 

Kind of treatment 

1 

one course of arsenic injee- 

1 

1 course of injections 


lions 

1 

2 courses of injections 

1 

1 injection 

1 

17 inject inns 

1 

2 injections 

1 

22 > 

1 

3—1 * 

1 

21 * 

1 

*soinc» ■* 

1 

30 » 

1 

5 * 

2 

32 * 

1 

G * 

•1 

more courses of combined 

1 

7 » 


injcelinns 

1 

S iiijcclio?is of bisinntb 


00 injections 

2 

10 injections 




The term injccUon signitics one InjccAion of snlvarsan or snivarsaii dcrivn 
Ics, singly or combined wiUi bismulh injedions. 


It will be seen IbaL mosl of Ihe men bnvo undergone insnffi- 
cienL Ireatmcnl. A ver)' few of Ihem, however, wove under Ireat- 
ment at the time of this invesligatibn. 

As a rule it was not possible to dislinguish between eongenilal 
and acquired syphilis in our material. In 3 casts, however, we 
could ascertain the occurrence of congenital .syphilis by examining 
the family. The single ease among tiie 5611 investigated within 
the age group 15 to 19 years lluis turned out to he congenital, and 
among the eleven seropositive eases helwcen the 2678 investigated 
men wlhin the age group 20 to 29 years 2 were congenital, 2 
acquired, whereas 7 did not know of their infection. It is highly 
probable that also some of the latter have been congenital in- 


fections. 

Of 84 seropositive men, 83 did not .show any certain sign of 
.syphilis by ordinary clinical examination, and one had .symploms 
of tabes dorsalis. We are convinced, however, that, closer investi- 
gations would expose jiathological changes in many more of them. 

The occupations of the 115 serojiosilivc men were as follow.s: 
28 skilled workers 9 unskilled worker.s 

20 craftsmen S suliordinale officials 

16 policemen 8 l)nsiness men 

11 firemen 4 occupation not staled 

10 chauffeurs j student 
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In addition to the 9j531 men, 922 women have also been examin- 
ed, of whom 7 were found to be seropositive. Of these 5 did not 
know of their syphilitic infection, one was under treatment for 
syphilis, and one gave no information. The seropositive women 
had the age distribution as shown in table 6. 

Table 6. 


Dislribution of. Syphilis Frequency in 922 Norwegian Women. 


Age group 

Number 

investigated 

Number 

seropositive 

Percentages 

seropositive 

15 29 

528 

1 

0.2 ± 0.2 

1.5 ± 0.6 


394 

6 


All -SYomen 

922 

7 

0.8 ± 0.3 


I'he difference of the percentages within the two age groups is 
some-what more than twice the standard error of the difference, 
giving odds about 25 to one that the difference is a real one and 
not only caused by chance. 

Of the seven seropositive women, 3 were telephone operators 
(the occupation of a great part of the investigated material of 
women), one skilled W'orker, one housewife, and one with occupa- 
tion not stated. 

Discussion. 

The graph shows the number of new syphilis cases per 10,000 
inhabitants in periods of three years in Denmark, Finland, Nor- 
way, and Sweden. The figures for Denmark include also congeni- 
tal syphilis, so the cases of acquired syphilis for that country will 
be somewhat fewer than appear in the graph. 

It will he seen that the number of new syphilis cases in Den- 
mark, Norway, and Sw'eden has been rapidly decreasing. The 
American Albert E. Russel (25) comments on this: )>the Scandina- 
vian countries have given the world an excellent example of the 
effect of concerted effort to eradicate the menace of venereal 
diseases.)) After the German invasion, how'^ever, the situation in 
Norway has been changed; following a minimum of new cases in 
1940 the number of infections is again rapidly increasing, espe- 
cially in women. The conquest of this disease therefore will still 
be a problem for us for a long time to come. 













ON THE EEEQOENCN ON SEROEOS.I.VE SVP.l.E.S ETO, 2t>3 

Tke D,..asc d N» C«E» Scandinavian Coan„ica 

isu—md. 



A great number of sypliilis cases v,iU not appear in llic official 
statistics. Of tlie seropositive persons in our material giving informa- 
tion, 40 admitted the knowledge of their syphilitic infection, whereas. 
49 claimed ignorance of- their infection. Even if we may not trust 
■ too much to the information received from the patients about the 
disease in question, we suppose it can be taken for granted that the 
majority of the 49 were untreated or insufficiently treated cases. 
Assuming the Justification of drawing conclusions from oui' mate- 
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rial, there sliould exist in Norway more than 10,000 syphilis pati- 
ents all unsuspicious of their infection, or about one iii 200 persons. 

Such cases of syphilis can not be traced in any other efficient 
way than by serologic examinations. The American Social .Hygiene 
Society reports experience in this field as follows: )>in the course of 
physical examinations when blood tests were made only when 
syphilis was suspected, 0.6 (six-tenths, or less than one) case was 
found per thousand compared with forty-four in 1,000 when routine 
blood tests were made. The ratio is about 1 to 73. This emphasizes 
the difficulty encountered in attempting the diagnosis of syphilis 
by physical examination alono) (25). 

These untreated cases of syphilis represent a serious medical 
problem. Even if the investigations of Bruusgaard (8) seemingly 
prove a great tendency of spontaneous cure in syphilis, most of the 
recent investigators agree that the serious complications chiefly 
occur in untreated, tardily treated, or insufficiently treated cases. 
Thus Strandberg (28) states that out of 461 cases of syphilis in the 
central nervous system only 4.12 per cent have undergone vigorous 
treatrnent from the beginning of the infection. Of tabes, tabo-’ 
paralysis, and dementia paralytica, only 1.63 per cent have been 
well treated from the beginning. And in the same clinic, M. Tottie 
(32) observed that only 1.4 per cent of vascular syphilis cases 
were thoroughly treated from the very onset of tlie disease, while 
only 2.8 per cent received any salvarsan treatment. 68.1 per cent 
■were not treated at all, whereas 27.7 per cent from the very beginn- 
ing were treated only ■swth mercury or bismuth. 

The prevention of these consequences of syphilis can only he 
achieved by sufficient treatment and observation of all syphilis 
cases. We therefore hold the opinion that greater efforts must he 
devoted to the problem of tracing the cases of unrecognised syphilis 
in the future. Many cases wall be detected if all patients in hospitals 
are subjected to routine serologic syphilis tests. In hospitals lacking 
serologic service a routine test wdth Meinicke’s reaction performed 
wdth a suitable antigen (13) is better than nothing, as this test 'wall 
detect 97 to 98 per cent of all seropositive cases. The most im- 
portant of such examinations "will be in medical departments and 
maternity hospitals. The use of routine serologic tests for syphilis 
in hospitals is increasingly accepted in our country. 

Further, premarital serologic syphilis tests ought to be established 
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by law, as already done in many other counlncs. In this way, 
most of the adult population gradually will lie controlled m a 
period of life where the syphilis diagnosis is of special importance. 
During premarital examinations in West Virginia, Sheppe (2/) 
found among 677,832 persons 1.3 per cent seropositive, of whom a 
large percentage did not know of their infection. 

If social medicine in our country will be able to continue its 
previous rapid growth after the intermission caused by war and 
occupation, more groups of society may be examined with routine 
syphilis tests, primarily all industrial Avorkers. Such investigations 
will yield a good return in the saving of lost working power and 
expenses for hospital and medical IreaLmcnl, not to mention what 
may be saved in needless human suffering in the future. 

The importation of syphilis by seamen will presumably conti- 
nue its decrease owing to the better organisation and more ready 
access to medical advice arranged for the benefit of Norwegian 
seamen before the last war; but close attention must still be paid to 
this problem in order to develop additional precautionary measures. 

The mere tracing of syphilis cases, however, is insufficient and 
only half-done Avork. It is equally necessary to take care that suffi- 
cient treatment is carried out and the necessary controls effectuated. 
It is plain to CA'eryone tliat it is a great risk to leave this to the initi- 
ative of the individual patient. Tims in the present material many 
of the patients preA'iousIy not aA\'arc of their infection arc noAV 
regularijr treated, but on the other hand, the greatest part and 
among them many beforehand knowing of their syphilitic infection 
refuse any treatment at all. We tlicrcfore hold the opinion that 
the enacted obligation of all syphilis patients to subject themsch^cs 
to the necessary medical treatment and control is ineAulablc, if an 
attempted prcA^ention of syphilis complications shall lead to good 
results, to the benefit of the indiAudual palicnt as Avell as to the 
community. 


oummary. 


The frequency of seropositive sjqjhilis in Norway amom me- 
»mably i.ealthy. aduils; A total of 10.453 persons, 9,631 men and 
922 women, have been examined. The examined persons are 
constderetl representalivc of towns .and rcsklcntal districts in 
outliern Norway. After minute investigations Uicro were found 
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1.2 + 0.1 per cent seropositive syphilis among men and 0.8 + 0.3 
per cent among ^Yomen. The distribution on age groups -vrill appear 
from table 3 and table 6, respectively. More than the half stated 
that they were not aware of their disease. On ordinarj^ examination, 
clinical symptoms of the disease were ascertainable only in a verj' 
few cases. Most of those who were aware of their disease had 
received insufficient treatment (table 5). The importance of tracin" 
as many as possible of these cases of ignored syphilis and of subject- 
ing them to treatment is emphasized, and directions are given in 
that respect. 

Resume. 

La frequence de syphUis seropositive en Norvege chez des adul- 
tes presomptivement bien portants: En tout on a examine 10,453 
personnes, 9,531 hommes et 922 femmes. Les materiaux sont 
consideres representatifs des villes et des regions agglomerecs de 
la Norsmge meridionale. A la suite d’examinations minutieuses on 
a trouve chez les hommes 1.2 ±0-1 %et chez les femmes 0.8 ±0.3% 
de S 3 q)hilis sdropositive. La distribution sur les groupes d’age 
ressort des tables 3 et 6. Plus de la moitie ont indique qu’ils igno- 
raient leur maladie. Par une examination ordinaire on n’a pu 
constater des symptomes cliniques de la maladie que chez ties pen 
de personnes. La plupart de ceux qui se savaient malades avaient 
obtenu un traitement insuffisant (table 5). On fait ressortir I’ini- 
portance qui s’attache a denicher autant que possible de ces cas 
de syphilis ignoree et a leur menager du traitement; et des direc- 
tives sont donnees a ce sujet. 

Zusammenfassung. 

Die Haufigkeit seropositiver Syphilis in Norwegen bei prasum- 
Liv gesunden Erwachsenen: Insgesamt sind 10,453 Personen, 9,531 
Manner und 922 Frauen, untersucht worden. Das Material wird als 
reprasentativ fur Stadte und stadtisch bebaute Gegenden in Siid- 
Norwegen angesehen. Nach eingehenden Untersuchungen wurden 
bei Mannern 1.2 ± 0.1 % und bei Frauen 0.8 ± 0.3 %- seroposi- 
tiver Syphilis gefunden. Die Verteilung auf Altersgruppen gejd 
aus Tabelle 3 und Tabelle 6 hervor. Mehr als die Halfte der unter- 
suchten Personen' gab an, dass sie von ihrer Krankheit niclits 



ON THE EEEQUENCY OF SEHOPOSITIVE SYPHILIS ETC. 257 

wssten. ■ Bei gewohnlicher Untersuchung Iconnten klinische 
Symptorae der KranWieit nur bei selir wenigcn nacligcwicsen 
werden. Die meisten .derer, die von ihrer Kranldieil wusstcn, ba - 
ten cine ungenugendc Behandlung evhalicn (Tabellc 5). Es wird 
betont, dass es von Bedeutung ist, moghcbst vide dicscr ballc 
unerkannter Syphilis aufzuspiircn and sie cnlsprcchcmler Bcliand- 
lung zu unterziehen, und es werden Riditlinien hierfur angegeben. 
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In 1914, Schaumann proved that the skin affections dcscriJtcd 
earlier, viz., Bocck’s sarcoid and Besnicr’s lupns pernio, were 
mere!}’- symptoms of a general disease which may affecl. most of the 
organs of the body. Lymphogranuloma henignum (I^. B.) was the 
name suggested hy Schaumann for this illness. The disease is char- 
acterized as follows: 

1) Specific histological clianges, consisting of epithelioid cell 
tubercles -wathout necrosis or caseation. Only a few giant cells or 
none at all, and an insignificant lymphocyte reaction in the sur- 
roundings, Exudative and polymorphonuclear cells arc lacking. 
The clianges can he restored by means of hyalin degeneration. 

2) The disease is spread in the organi.sm hy hematogenous dis- 
semination. 

3) Tlie disease has special affinity wih the lymphoid tissue, 
the lungs, the skin, the hone, medulla and the. uvea. However, it also 
occurs in the spleen, the liver, tlie salivary and the lacrimal glands. 
The specific changes have, in certain cases, been said to appear in 
the kidney, the uterus, the heart, the skeleton muscnlalurc and in 
the central nervous system, 

4) The hematological expression for the monocyte prolifera- 
tion which leads to the epithelioid cell tubercles is a more or less 
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pronounced monocytosis. However, this only occurs during active 
proliferative phases. 

5) A marked discrepancy between the anatomical extension of 
the disease and its deficiency-in symptoms. 

6) A pronounced tendency towards tuberculin anergy. 

7) The disease is chronic and periodically recurrent. It is resistent 
to treatment, but may, nevertheless, at times heal spontaneously. 

The etiology of this disease has been the subject of many specu- 
lations. However, a satisfactory elucidation has not as yet been 
achieved. The histo-pathological picture most closely corresponds 
to that of tuberculosis, noUvithstanding the absence of necrosis. 
Tubercle bacilli have, in certain cases, been found earlier in histo- 
logical sections. In 1941, Schaumann and Hallberg reported that 
they had succeeded in finding certain acid-fast bacilli in lymph 
glands in L. B., by'^ means of »Nachtblau» staining. The number of 
positive inoculations of L. B. material on guinea-pigs is exceedingly 
small. In a critical literary survey, in 1938, Pinner found 25 cases 
of L. B., giving a positive guinea-pig test. However, almost all the 
positive animal inoculations disclosed a slow, progressive disease 
with atypical section findings. Or else, positive results were obtain- 
ed only after repeated animal passages, a spontaneous infection 
in these cases being hard to avoid. Kyrle’s observations from a case 
of Boeck’s sarcoid give an explanation of the difficulties encoun- 
tered in efforts to ascertain tubercle bacilli in L. B. During an acute 
phase, tubercle bacilli could be ascertained in the blood by means 
of guinea-pig tests. Biopsy of skin changes, a few days old, revealed 
unspecific inflammation and an abundance of acid-fast bacilh. 
Renewed biopsy, five weeks later, showed typical L. B. tissue, in 
which acid-fast bacilli could no longer be ascertained. These obser- 
vations argue the point that tubercle bacilli can only be found during 
a short initial phase, before the specific L. B. tissue has had time 
to develop. 

Important arguments for the tuberculous etiology are advanced, 
partly, by the, at present, not so few cases revealing a development 
of L. B. into a classic caseating, tuberculosis, and, partly, by 
discovery of a simultaneous occurrence of L. B. and classic tuber- 
culosis in the same organ, together with fluctuating communi- 
cations between the two (Mylius and Schiirmann). In this con- 
nection, it is of interest to keep in mind the phenomenon first 
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observed by Schaumann, viz., that the skin changes are 
when an L.B. patient has developed a classic tuberculosis and i 
tuberculin anergy has become an allergy Tins phenomenon is, 
therefore, analogous to the well-lcnowm fact that lupus changes and 
skin tuberculides often are restored during the development of a 
caseous disintegration of organ tuberculosis. 

The tuberculin anerg^” in L. B. is not comparable to the anergy 
in the acute infectious diseases, which is relative and of short dura- 
tion. In L. B. the tuberculin anergy is often total and not even the 
largest tuberculin doses, administered intracutancously (even un- 
diluted tuberculin has been employed), produce any reaction. The 
antibodies, i. e. anticutins, discovered, in certain cases, in the 
blood of L. B. patients, which react to tuberculin and prevent its 
cutaneous reaction, do not seem to be specific and lack diagnostic 
value. (Hamel). The anergj” is, apparently, an essential etiological 
property in L. B., since this disease, evidentty, only appears in 
the immunc-biological conditions whicli arc incompatible with 
caseous disintegration, i. c. tuberculin anergy. 

Lemming was the first to attempt to analyse, more closely the 
tuberculin anergy in L. B. (1936 — 1942). In order to find out, 
whether absolute anergy in L. B. occurs in an individual not in- 
fected wth tuberculosis, or a positive anergy is prevalent in a 
special form of tuberculosis, Lemming sugge.sted B. C. G. vaccina- 
tion of patients suffering from L. B. which had been subjected to 
pathological-anatomical verification. If the sick persons were 
absolutely anergic and, therefore, had not been infected earlier with 
tuberculosis, they sliould, after B, C. G. vaccination, become tiibcr- 
lin positive. On the other hand, if positive anergj' occurred, per- 
haps, a somewhat different mode of reaction might be expected. 
In his first case, Lemming obtained, after intraculancous injec- 
tion of 0.15 mg bacilli, a local skin affection and regional adenitLs. 
BuL at a tuberculin test. 8—15 weeks after the inoculation, the 
patient was still tuberculin negative (up to 10 mg Mantou.x). The 
regional adenitis was excised and, at a histological examination, 
revealed tlie picture of a typical and, in all probability, fresb L. B. 
Later, ni a number of cases. Lemming has sho\Mi that tuberculin 
anergy in L. B. is not influenced by B. C. G. vaccination. In a case, 
published in 1942, describing a patient who was lubcrculm negative 
and suffered from lupus pernio, Lemming 


g gave an intraculancous in- 
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jection of 0.1 mg bacilli. After a month, a small red infiltration 
appeared locally, and, after -another few months, it had gro^vn 
considerably and diclosed a bluish-bro-\vn, somewhat elevated sur- 
face vith telangiectasia and white milia. Macroscopically, the 
skin infiltration corresponded to that of Boeck’s sarcoid. More- 
over, the microscopic examination showed a typical picture of L. B. 
The patient continued to remain negative. 

These unusual reactions to B. C. G. vaccine, viz., in the first 
place, the non-appearence of tuberculin allergy, and, secondly, the 
formation of L. B. tissue locally or in the regional lymph glands, 
are of the greatest interest in connection vith the question of the 
tuberculous etiology’^ of the disease 

An experimental contribution to the discussion of the etiolog)' 
of L. B. has also been offered by Kveim, in a preceding report, in 
1941. On account of the comprehensive material of negative in- 
oculation tests in L. B., collected by the Skin Department of the 
Rikshospital in Oslo, the theory of the tuberculous etiologj^ of the 
disease has been abandoned. In its place another hypothesis, form- 
ing the base of investigation, has been put forward, i. e. the possi- 
bility of the affection being an infectious disease sui generis'. 

Accordingly, from the fact that in lymphogranuloma inguinale a 
specific antigen from an affected gland can be formed which will 
give a specific cutaneous reaction, an antigen was prepared of a 
gland from a patient suffering from active Boeck’s sarcoid. This 
glandular antigen was then applied intracutaneously to patients 
suffering from Boeck’s sarcoid. Within a period of 1 — 4 weeks, a 
local bluish-brown or bluish-red infiltration appeared. In some 
cases this infiltration resembled a small sarcoid nodule. The infiltra- 
tion was found, in a histological examination, to have a structure 
corresponding to that of L. B. No reaction ocurred in a control 
material, comprising patients vdth tuberculosis and lues.- There 
could be no question of a special reaction type in the L. B. patients 
to diverse unspecific antigens, since the Frei-reaction in all the 
cases turned out negative. Kveim is of the opinion that this is 
a specific, allergic reaction on a specific antigen. 

The occurrence of an allergic reaction, such as Kveim has pro- 
pounded, is, in all probability, unlikely, since it has taken the 
reaction between 1 and 4 weeks to appear. On the other hand, 
it seems possible, in the light of Schaumann-Hallberg’s asceitain 
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mci of ocid-fesl bacilli in L. B. gland-S that Kvoim'a ginmininr 
antigen might conlain ccrlain atypical ami avinilcnt Utbcrclc 
bacilli These bacilli should pvoducc local changes similar to Ihosc 
obtained by Lemming u1th B. C. G. Tims, Kvdm's specific nac- 
lion in Boeck’s sarcoid docs not scorn to suppoil lus lopoUitsis, 
viz., that Bocck’s sarcoid is a disease sui generis. 

It has long been kno^\^l that tuberculosis among some animals 
(viz., mice, rats and cats) discloses the same biological and morplio- 
logical characteristics which distinguish L. B. from classic, lubcr- 
culosis. Accordingly, while rats arc almost immune to tuhcrculosis 
(Jadassohn). Several aulliors have shovni lhal large doses of 
human or bovine Lnbcrcic bacilli (1 mg. and more) in rats onl\ 
produce purely productive changes, i. o. e]nlhelioid cell tubercles 
vitbout necrosis, with a few giant cells or none al all and, for (be 
most part, without lymphocyte infillrntion in the snrrounding.s. 
These tubercles never disintegrate, but they can be rc.slore«l by 
fibrosis. Tuberculin nllcrgi) never occura, in spile of Ihc survival of ihc 
lnbcrcic bacilli which maintain their virnicnco. 

The reaction of the animals to tuberculous infcclion oonsist.s of 
a strong local increase of the. elements of the marrophage sy.slcm. 
This intensification of the activity in the rcticulo-endolhelial .sys- 
tem is produced in the wliito rat by a latent infection of Bartonella 
muris ralti, which infects all laboralory rat.';. In an cx])enn)ental 
work, Kallos has convincingly demonslralcd the significance of the 
Bartonella infection to the cour.se of llic tuberculous iufeclinn iti the 
white rat. Kall6s treated while rats with an av.senic-anlimony 
preparation by means of which llic Barlonclla infcclion was t-Iieck- 
ed. Then, the rats wore isolated and besprinkled daily in order to 
destroy the lice whicii transfer the infection. After (hat. s))lcon 
extirpation was performed and, in order further to restrict the 
rcticulo-endolhelial .system, Indian ink was administered intra- 
venously and inlrapcriloneally. 'J'hcn human, virulcnl luherclc 
bacilli were injected inlrapentoneally. All (lie rats died within 
10 weeks, and at autop.sy all of (hem revealed a classic hibennilo.sis 
with typical caseous disintegration williin the tubercles. 'Phe 
control rats, who had only been relieved of llic Bartonella infec- 
lon, while the rcticulo-endolhelial system had iiol been blocked 

iscloscd the usual rat-LubercuIosis witli cpitlulioid cell UiIktcJi'.s 
W ith absence of necrosis. 
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Thus, no tuberculosis immunity occurs in rats. Instead, the 
special conditions of the tuberculosis infection are due to the stimu- 
lation of the macrophage system by the Bartonella infection. 
Kall6s’ experiments offer a good demonstration of the decisive part 
played by the functional state of the macrophage system on tuber- 
culosis allergy and the course of the tuberculosis. 

The experimental work by Lemming, Kveim and Kallos, refer- 
red to here, has given new and important support to the conten- 
tion that tuberculosis and L. B. are two different phases of one and 
the same disease. 

An additional contribution to the etiological discussion is oh- 
tained in a case described below. Here, it has been possible to 
produce Boeck’s sarcoid by intracutaneous injection of virulent, 
human tubercle bacilli in a patient, suffering from L. B. and patent 
pulmonary tuberculosis. 

The patient is a woman of 26 years of age, who has earlier been health}, 
without exception. No heredity or exposure to tuberculosis. In March, 
1939, both the salivary glands of the ears began to swell, without any feeling 
of illness, or fever. Simultaneously, pronounced reddening and chafing of 
the left eye. The right eye was also slightly irritated. No coughing or stitch. 




Fifl. 2. X-ray 28. 10.41. The lymphoma shadows remain, but now c.vtcndcri, 
small-spotted densities within both lung liclds Imvc been added. 


She was admitted to tlie Medical Department of Ostersund’s Lasarett on 
14. 4. 1939, witli the diagnosis of febris uveoparolidea. ^ 

Her general condition was good and she was altogether unaffected. 
Subfehrile temperature. She had fi-’m, swollen parotid glands on both 
sides W'hich were not sore and of the size of a thumb. A couple of firm, 
inflamed glands, the size of beans, were found preauricularlj’ and a few, the 
size of grains, in the groin , The state of the eyes revealed a fine wave of 
light in the left one, and a group of relatively large precipitates in the lower 
part of the cornea. Fine cloudnings of the vitreous body. The right eye 
was free from irritation. (Kjellncr). No neurological remarks.. Lumlmr 
puncture: 6 mononuclear cells/mm^ and negative albuminous reactions. 
S. R.: 13mm/lhour. MantouxO.l mg negative while 1 mg gave a faint reac- 
tion {8 X 10 mm) X-ray of tlie chest (Fig. ]) showed hihimglands on both 
sides, the size of a ^s'alnu1, and a large paratrachcal gland on the right, 
side. A few distinctly outlined, streaked dense areas below the left hiluin 
(Gr&berger). Test excision from the parotid gland and a lymph gland re- 
vealed typical h. B, tissue. No tubercle bacilli wore found in the scction.s. 
(Wahlgren). 

The parotid glands were treated with rontgen and soon recovered. The 
state of the left eye improved owing to atropin treatment. Since the sum- 
mer of 1939, the patient has been free from symptoms. 

^ The author wishes to express his gratitude to Die Medical Superintendent, 
Dr. I. Lundholm, for his permission to publish excerpts from tlic Journal. 

18 — Ada med. scandinav, Vol. CXIV. 
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Fig. 3. The skin lesion four weeks after- the inoculation of the tubercle bacilli, 

In June 1941, the patient fell ill with acute fever, bad coughing and 
abundant expectoration. The coughing continued even after the tempera- ■ 
ture had gone down, and she was out of breath. Accordingly, she called at the 
Central Dispensary in Solliden on 28. 10 . ..1941. X-ray (Fig. 2) sho^Yed 
within the upper 2/3 of both pulmonary fields extended, small, flocky, 
partly confluent, indistinctly circumscribed densities. Small cavity cen- 
trally on the left side was suspected. As before, the lymphoma shado^YS 
appeared in hili and paratracheally. On 5. 11. 1941 tubercle bacilli were 
ascertained in the sputum and the patient Yvas admitted to the Solliden 
Sanatorium 22.11.41. 

The patient Yvas then in a comparatively good general condition, btiii 
she had lost considerable Yveight and had a. subfebrile temperature. e 
superficial lymph glands Yvere generally enlarged. On the throat, in e 
axillae and in the groins, a number of glands, the size of peas, Yvere oun , 
and glands, the size of beans, YY^ere observed in both fossae supracai. 
OtherYYuse, negative somatic state. S. R.: 58 mm/1 hour. White bloo cor 
puscles: 9700, 22 % of Yvnich YYwe rhonocytes, 15 % lymphocytes, /o 
basophile, 4 % eosinophile, 7 % rod-nuclear and 51 % segment-nuc ear 
Mantoux 0.1 and 1 mg utterly negative. Mantoux 3 mg Yvas also 
(infiltration 5x5 mm). Total albumen in the serum; 7.84 %, 4.22 /o O 
Yvhich YY'ere albumens and 3.62 % globulins. X-ray of the chest 
unchanged condition. X-ray of the hand and foot skeleton disclose n 
cystic changes. Abundance of tubercle bacilli in the spiitum. Guinea pi^ 
test YY'ith the sputum shoYY’^ed that the bacilli YY'ere Yuriilent for les 
animals. 




Fie. 4. Section ot the lesion. In the coriuni cpilhcHoiil loci sliarply circum- 
scribed, absence of necrosis and of pcriplicral lymplioid reaction. ^ 


Sputum cultivated on Lotvenslcin substrate and llicn sent 
to The Salilgren Hospital, the Bacteriological Laboratory, for type 
specification. Virulent, human tubercle bacilli were ascertained 
(A. Wassen). A sterile suspension was then made from the Lowen- 
stein culture. This was diluted \\itb physiological sodium chloride 
until a dilution of between 10 and 100 tubercle bacilli per 0.1 cm^ 
was obtained. The sterility of the solution was controlled by 
means of repeated cultures on common substrates. 0.1 cm^ of the 
bacterial suspension was injected intracutaneoiisly into one of the 
patient’s thighs. After 6 days, an insignificant browm-red infiltra- 
tion was noticed locally, whicli slowly grew and attained the size of 
a large peppercorn after 4 weeks (Fig. 3). The infiltration appeared 
like a bluish-browm-red, distinctly elevated, firm papilla, with an 
even surface and sharply circumscribed against its surroundings. 
At diascopy it took on a ycllowsli-brown colour. No reddening or 
infiltration in the surroundings. No reaction from the regional 
lymph glands. 

The skin changes were excised a months after inoculation. The 
histological preparations (which, unfortunately, ha])pcned to be in 
the periphery of the macroscopical changes) disclosed sharply 
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Fig. 5. X-ray 22. S. 42. Regress of the small-spoifecl densities and the lympho- 
mas. Signs of extended fibrosis remain. 

circumscribed epithelioid cell accumulations in corium, absence of 
necrosis and giant cells (Fig. 4). No lymphocyte infiltration in the 
surroundings. Tubercle bacilli could not be ascertained in the 
sections (NVahlgren). 

The patient now proceeded to improve gradually. She became afebrile, 
increased in weight and the S. R. fell. Since January 1942, she has remain- 
ed free from bacilli. At the discharge on 13. 6. 42, her general condition was 
excellent, she had increased 11 kg in weight and her S. R. ■was 21 mm/1 
hour. Mantoux 0.1 and 1 mg negative, while Mantoux 3 mg gave an infil- 
tration of 10 X 12 mm., i. e. definitely positive. X-ray showed distinct 
regress of the small-spotted parenchymal densities. At a control examina- 
tion on 22. 8. 42, S. R. was found to be 17 mm/1 hour and the radiogram 
(Fig. 5) showed continued regress. The small-spotted densities had dis- 
appeared and only distinctly outlined, streaked and net-like dense area 
remained. No lymphoma shadows ascertainable. 

This patient, w4io suffered from L. B. as well as patent pul- 
monary tuberculosis, presented a rare opportunity for an experi- 
mental demonstration of the etiological significance of the tubercle 
bacillus in L. B. The cultures and animal tests showed that sputum 
contained virulent, human tubercle bacilli. Within a montlb 
intracutaneous injection, a sterile suspension of these bacilli gave 
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macro- and microscopical changes Yvhich corresponded with Boeck’s 
sarcoid. This prodnclive reaction is extremely noleworlhy, since, 
according to )>Koch’s Grundversucln), inoculation of virulent tuberc- 
le bacilli in an individual earlier infected, always otherwise leads to 
local necrosis within a few days which is soon checked, leaving a 
superficial ulcus which is rapidly and pcrmancnlly healed . 

The present investigation is the first to prove that virulent, 
human tubercle bacilli in man can produce purely productive chan- 
ges, corresponding to L. B. 

The name Lymphogranuloma benignum suggested by Schau- 
mann could be replaced by the term »non-caseating tuberculosis^ 
which is commonly accepted in the anglo-saxon literature, or by 
)>torpide skier osierende Tuberkulose», as used in the German lite- 
rature. 


Summary. 

Lemming has, by means of B. C. G. vaccination, shown tliat a 
positive anerg}' against tuberculin exists in L. B. and that B. C. G. 
can produce local changes of typical L. B. appearance. 

Kveim’s result shows that the antigen prejrared on L. B.-g)and 
forms specific cutaneous reactions of the L. B. type in patients suf- 
fering from L. B. The possibility that the glandular antigen con- 
tains avirulent tubercle bacilli may he considered great in llic light 
of Schaumann-Hallherg’s invcstigaliojis. 

Kallos’ experiments on animals sliow Dial virulent tubercle 
bacilli can cause L. B.-changes in animals by special sliinnlalion 
of the reticulo-endothclial system, owing to a latent infection. 
If this is removed an ordinaiy disintegrating tuberculosis is 
developed. 

The present author has in a patient suffering from simuItaTVCOus 
L. B. and patent pulmonary tuberculosis produced local clianges 
of typical L.B. appearance, by means of inlracntancoiis injec-- 
tion of the patient’s own, virulent, human tubercle bacilli. 

These experiments justify the conclusion that L. B. and tuber- 
culosis are two different phases of one and the same disease. 
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In 1937 Smith, Goldring & Chasis (1) introduced a nielliod for 
employing Perabrodil (diodrast) in determining the total flow of 
blood through the kidneys (the diodrast clearance) and the quan- 
tity of active tubulus tissue (Tj„ := tubular excretory mass). From 
this and other works it appears that by. one passage through the 
kidneys the blood is freed almost completely of diodrast at plasma 
concentrations of less than 5 mg % diodrast iodine. Thus tiic 
diodrast clearance is practically identical with the total blood flow. 

It would be desirable to have a reliable method of determining 
the diodrast iodine in plasma and urine, if possible one capable of 
being used clinically. Having this latter desideratum in mind one 
must avoid the use of methods which take much time, complicated 
incineration processes, distillations or the like [Kendall (2), Bill- 
mann (3), Mathews, Curtis & Erode (4) (5)]. From a clinical point of 
view it would be desirable to have a method in which the iodine 
analysis proceeded so to say in a test-tube. This requirement was 
met when White & Rolf (6) in 1940 published a micro method for 
determining diodrast-iodine. 
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The principle of their method is this: Under the influence of 
potassium permanganate and sulphuric acid diodrast is oxydized 
at 90 — 100°, so that at the end of the process iodine is present in 
the form of iodate. A considerable excess of potassium perman- 
ganate is employed in this oxydizing process, and this is reduced to 
mangano-compounds by the addition of sodium nitrite, whereafter 
the excess of nitrite is reduced by the addition of urea. Then fol- 
lows cooling to 10 — ^20° and the addition of a potassium iodide 
crystal. This potassium iodide then reacts in the acid solution with 
the diodrast-iodine (present in the form of HJOg) according to the 
equation: 

5 HJ -f HJO3 = 3 J2 + 3 H2O. 

This manipulation gives the advantages deriving from the fact that 
six times the quantity of iodine present as diodrast iodine has to 
be determined. 

Unfortunately, White & Rolf seem not to have tested their 
method thoroughly. This appears already from the circumstance 
that soon afterwards they published a paper (7) in which the method 
wms altered considerablyc The course now was to oxydize the dio- 
drast in a basic solution, but at the same time a much longer period 
was necessary for the potassium permanganate to act on the dio- 
drast. Furthermore, the method lost something of its practical use- 
fulness by the boiling time being made dependent on the diodrast 
content of the analysis. As we believed that White & Rolf’s first 
publication contained a useful basis for a method of determining 
diodrast-iodine, we determined to put the matter to a thorough test. 

Diodrast is a white crystalline substance which chemically is a 
salt of Diaethanolamin: [NH (CH2CH20H)2] and the acid: 3.5-di- 
iodo-4-pyridon-N-acetic acid: 
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The iodine percentage of this substance is 49.8. Diodrast is 
soluble in ™ter mth a neutral reaction. In ° f™' 

able only in aqueous solution (Bayer’s Perabrodil. 35 /<, and a /o). 
These solutions are ^^4deIy employed for intravenous urography, 
but of course cannot directly be employed as stock solutions in an 
analytical work. We have therefore made a close examination of 
Bayer’s Perabrodil (35 %). 


In a crystallization dish 47.4 g. Perabrodil solution ivas exposed for 
evaporation at room temperature. After final desiccation in a vacuum 
exsiccator over PA to constant weight the evaporation residue weighed 
14.6 g. The weight percentage of the Perabrodil solution had therefore 
been 30.9. The specific gravity of the solution at 20° is: 1.170; its strength 
in g/lOO enP is therefore 3C.2 at 20°. On the ampulla the strength is slated 
to be 35 %. 

Part of the evaporation residue (11) was dissolved in water, wlieroafter 
hydrochloric acid was added. This caused a crystalline precipitate which, 
as one would expect, was the acid (I). That this was the case was jiroved 
by the following analyses: 0.3459 g of the substance was titrated witli 
. 8.50 cm* 0.0997 n NaOH. The acid equivalent was thereby found to he 
408 (theoretically: 405); 0.2271 g of the substance was treated according 
to Baubigny & Chavanne’s melliod for determining iodine in organic sub- 
stances. The Agl given off weighed 0.2G35 g. Therefore the iodine equiva- 
lent is; 203 (theoretically 202.5). The melting point of the acid was found 
to be 248° in conformity with the literature (9). 

Next the iodine equivalent of the evaporation residue (II) ivas deter- 
mined by the same method, Anaiyses; 0.5GG4 g substance gave 0.5229 g 
Agl. Iodine equivalent: 254 (theorelicany: 254). We conchulo from these 
analyses that the evaporation residue of the Bayer preparation is practic- 
ally pure Perabrodil. Finally, we have found^ that with Iho analysis- 
technique to be described later Bayer’s Perabrodil solution gives the same 
results as a diodrast solution prepared by us; llic latter was procured 
bj mixing equimolary quantities of acid (I) and analytically pure 
diaethanolamin. 


We then proceeded to test While & Rolf’s method on aqueous 
diodrast solutions. It was quickly found that rcproducablc results 
were not obtained with complete regularity. In order to get reli- 
able analysis results we then made a careful test of each of llie 
stages in the procedure described by ^Wiitc & Rolf (W & R ) 

r. J n’" “"'.‘"■"’•'■y "’«> W. & R. wc added 0,3 om» of'.., s.iturated 
OfnO. soluLon and 0.) of 4 m H,SO„ which represents .an 

ample excess. 

2) The boiling time wth KMnO, is given as iO minutes by W. & 
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■R. In a number of analyses we examined the influence of the 
length of the boiling time, and it was found that 10 minutes is just 
sufficient and that longer boiling (15 to 20 minutes) has no 
deleterious effect on tbe result of the analysis. 

3) The amount of nitrite, which W. & R. state is variable from 
one analysis to another, may be made constant: 0.4 cm^ 1 m sodium 
nitrite, which is added all at once to the analysis over the boiling 
water-bath. The sodium-nitrite solution is added direct to the 
solution with a micro-pipette (and not by dropping), thus avoid- 
ing the chance of splashing the nitrite up the walls of the tube. 

4) According to W. & R. the nitrite treatment lasts two min- 
utes; as nitrile may have a reducing effect on iodate, it was of interest 
to ascertain what role is actually played by the period of nitrite 
action. By experiment we found that there was no reduction of the 
iodate, even wlien the time was prolonged to 15 minutes. This 
means that one can have a larger number of analyses going than 
W. & R. suggest. 

5) Next, it is a condition of the correct completion of the ana- • 
lysis that the nitrite excess is eliminated completely. We found 
that this can be done quite reliably by adding 1 cm^ of 5 m urea 
solution. 

6) The analysis is then boiled, being vigorously shaken repeat- 
edly to ensure that the walls of the tube everywhere are wetted 
vdth the fluid. Boiling is continued until no more gas is given off, 
which takes about three minutes. Longer boiling does not affect 
the result of the analysis; this is of importance when reduced volume 
is desirable having regard to the subsequent titration. 

7) According to W. & R. the analysis is now cooled down to 
10 to 20°. At this point we prefer to follow Biilmann’s instructions 
(3), titrating at 0 — 5°; the endpoint of the titration is most mark- 
ed there. 

8) The quantity of potassium iodide to be used for titration is 
stated by W. &. R. in their first work (6) as sa few crystals)). In 
the second publication (7) the quantity is specified in more detail 
at 0.5 mg. W'^e work with a freshly made solution of potassium iodide 
(2 g in 3 cm3H2 0); of this 0.1 cm^(= 55 mg potassium iodide) is 
added for about 4 cm® titration volume. By this means we obtain 
about the same potassium-iodide concentration everj^ time. As 
we were able to show, the concentration of potassium-iodide is of 
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importance to the result of titration: if various quantities of the 
potassium-iodide solution arc added to analyses containing he 
same quantity of KJOg in 4 cm^ water vc get loo low a litre if the 
quantity of potassium-iodide is less than 0.05 cm^ (= ahout 30 mg). 
On the other hand the quantity of polassiuni-iodidc must not be 
too large, as otherwise there is a risk of atniosplieric oxydation. 

9) The blue colouring (air oxydation) generally developing 
shortly after the endpoint of a starch titration was not seen at all 
under our conditions; the analyses were colourless even half an lioui 


after titration was completed. 

Hence the actual procedure in carrying out the analysis is this: 

The solution, of which the diodrast-iodinc content should be about 
10 Gamma iodine, is poured into a cylindrical test-tube (nieasuro- 
ments: 3 x 10 cm). Then add 0.3 cm^ saturated potassium per- 
manganate and 0,1 cm^ 4 m sulphuric acid. It is then given 10 
minutes in a boiling water-bath, whereafter 0.4 cm^ 1 m sodium 
nitrile is added Asdlh a pipette, taking care not to .splash the nitrile 
up the walls of the test-tube. Shake until any deposit of 
manganic dioxyde(HnOo) is completely removed. Now add 1 cm^5m 
urea. Shake vigorously and continue boiling in the walcr-bnlh until 
no more gas is given off (about 3 minutes). Cool in ice-water. After 
complete cooling add 0,1 cm^ potassium iodide (freshly pre])ared: 
2 g potassium iodide in 3 cm^ HoO) and 0.5 cm^ 0.2 % starch solu- 
tion (a. m. Sulkowsky (Merck)). The resulting iodine is titrated with 
sodium-thiosulphate solution. For an iodine content of less than 
20 Gamma use 0.005 n sodium-thiosulphate (0.1200 g/L). If the 
iodine content is over 20 Gamma, use 0.002 n sodium-thiosulphate. 
For preparing sodium-thiosulphate we used thoroughlj’ boiled 
water, and it was stabilized by adding carbonate of sodium (0.2 g 
per litre). This sodium-thiosulphate has had an almost constant 
titer for six months. 


We employ a 2 cm^ burette graded in 1 /100th cm3 Titration 
proceeds in artificial liglil against a while background. 

In this manner 20 analyses can easily be handled at once. 

With the use of this technique we have made numerous blind 
analyses without finding any blind value. By this means we 
ensured that none of tlic reagents we used contained a trace of 
lodme, and at the same time it was confirmed that c. g. the removal 
of sodium nitrite with urea was complete. 
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It was also found that tobacco smoke and iodine accidentally 
present in the atmosphere (as in an ordinary hospital laboratory) 
had no effect when using the method (in contrast to Biilmann’s 
method (3), in which about 10—100 times smaller amounts of 
iodine are determined). 

We shall now proceed to prove the usefulness of the method, in 
connection with which we have tested: 

A) Aqueous potassium iodide solutions. 

B) Aqueous diodrast solutions. 

C) Deproteinized plasma + aqueous diodrast solutions. 

D) Plasma + aqueous diodrast solutions. 

E) Urine + aqueous diodrast solutions. 

A) Of an aqueous potassium iodide solution containing 15.7 
gamma iodine per cm^. 1 cm^ was analysed by the above method. 
The mean value of five analyses was: 15.3 gamma iodine (97.5 %). 
The greatest mutual deviation was 3 %. 

B) By dissolving 0.7965 g acid (I) and 0.1998 g diaethanol- 
amin (equimolary quantities) in 1 litre of water we obtained a dio- 
drast solution, which was diluted 50 times. The diluted solution 
contains 9.92 gamma iodine per cm®. In 5 determinations, which 
mutually deviated less than % % from one another, we found 
9.99 gamma iodine (101 %). 

In the same manner we Aveighed off 0.9981 g of the evaporation 
residue (II) from Bayer’s Perabrodil; it Avas dissolved in 1 litre of 
w'ater and then diluted 50 times. The diluted solution contained 
9.94 gamma iodine per cm®. In 5 determinations, wdiich mutually 
deviated less than 1 % from one another, Ave found 10.04 gamma 
iodine (101 %). 

We then proceeded to test the range of the method in respect 
of aqueous diodrast solutions. It turned out that one must reckon 
wdth having to determine from 2 to 60 gamma diodrast iodine in 
one analysis. The following table gives our results: 

Added gamma diodrast iodine: 1.988 3.976 9.941 19.88 29.82 39.76 59.65 


Found gamma iodine: 2.18 4.16 10.04 19.50 29.48 38.56 59.11 

Found iodine percent.: 110.0 1 05.0 1 01.0 98.2 98.8 97.0 98,9 


Greatest mutual deviation ( %): 10.0 4.0 2.0 2.0 3.0 2.0 l-O 
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These analyses are the mean values of 5 determinations. The 
standard deviation of 32 diodrast analyses (10 gamma diodrast 
iodine) was ± O.U gamma diodrast iodine. 


C) Deproteinizing of plasma according to W. & R, is carried 
out by adding 3 volumes of 7 % trichloracetic acid to 1 volume of 
plasma and 6 volumes of HjO. With this the concentration of 
trichloracetic acid at the moment of precipitation is 2.1 %; accord- 
ing to Peters & van Slylce (8), however, protein precipitation should 
take place at a trichloracetic acid concentration of 4.5—9 %. If we 
precipitate according to W. & R. it proves to be impossible, even 
after standing 15 minutes and 15 minutes centrifuging (3500 revo- 
lutions per minute), to get a clear filtrate. If then an equal volume 
of trichloracetic acid (20 %) is added to the »fi]trate» from W. & 
R’s protein precipitation, the opalescence of the analysis increases 
greatly, shoving that the protein precipitation %vas insufficient. 

To a filtrate secured according to W. & R. w’e added 3 cm^ dio- 
drast solution (containing 31.7 gamma diodrast iodine). We reco- 
vered 87,5 % of the quantity of diodrast iodine added. 

We then prepared a filtrate by precipitating vith equal parts of 
20 % trichloracetic acid, ^^^len the same quantity of diodrast as in 
the above experiment was added, the result w'as surprising, in that 
no iodine was recovered at all. 


This means that an increase of the trichloracetic acid concentrat- 
ion for the purpose of ensuring complete protein precipitation fails 
in its object with the analysis technique described. In our opinion 
the reason is that trichloracetic acid has a reducing effect on iodate 
— which in fact wc have directly confirmed — and therefore in 
selecting another protein precipitant we made it a condition that 
it should not he oxydisable by iodate. 

The reagent we chose was sodium rvolframatc — sulphuric 
acid [Haden’s modification of Folin— Wu's protein precipitation 
(8)]: To 1 cm3 plasma we added 1 cm^ of 10 % sodium wolframate 
and 8 cm3 N/12 sulphuric acid. Centrifuging gives a clear filtrate, 
hor the furter iodine analysis we used from 1 to 7.5 cm3 of the plasma 
filtrate thus , obtained . 


To this filtrate we added 3 cm3 diodrast solution (containing 
31.7 gamma diodrast iodine). We recovered 98 % iodine. (Wlien 
we used trichloracetic acid we found 87.5 %). 
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If it is desired to determine quantities of diodrast below 5 
gamma it is advisable to dilute the plasma for example only 5 times- 
2 cm3 plasma, 2 cm^ 10 % sodium wolframate, 2 cm^ 2^3 n Sul- 
phuric acid, 4 cm3 -water, corresponding to the above demon- 
strated inaccuracy at the low diodrast values. 

D) We then tested the applicability of the method on plasma 
containing diodrast. Smith, Goldring & Chasis ( 1 ) state that the dio- 
drast concentrations at whicli the diodrast clearance is determined 
lie between 5 and 0.5 mg % diodrast iodine (50 — 5 gamma/cm®), 
and that the delei-minalion of diodrast-T^ proceeds at diodrast- 
iodine concentrations between 15 and 50 mg % (150— -500 gamma/ 
cm3). 

On adding diodrast to the plasma of various individuals W.&R. 
rather constantly found about 82 % diodrast coming through 
with the filtrate ( 6 ). In the later work (7) they found about 87 % 
very constantly. 

Employing our ovm method (wolframate precipitation) we now 
added diodrast in various quantities to the plasma of different per- 
sons and to plasma dilutions. 

On adding from 8 to 40 gamma diodrast iodine per cm® to the 
normal plasma of various persons we recovered an average of 90 % 
of the diodrast. In all we made 40 determinations, resulting in 
the recovery of from 87 to 94 % of the diodrast. The deviations 
from the 90 % seem to depend solely on the experimental indivi- 
dual, but in any case they arc so small that it is ncccssaiy to deter- 
mine them only when the greatest accuracy is required. 

On adding from 8 to 40 gamma diodrast iodine per cm® to nor- 
mal plasma diluted two to four times, it was found here again that 
very nearly 90 % was recovered. The circumstance that 90 % 
recovered would thus seem ‘ — within the plasma-protein concen- 
trations met with in practice — to be independent of the protein 
concentration. 

E) In order to work with 10 to 20 gamma diodrast iodine per 
analysis the urine must generally be diluted 100 — 1000 times. With 
this dilution we, like W. & R., had complete recovery of all the dio- 
drast added to normal urine. The same was found for albuminous 
urine diluted 100 times — without protein precipitation. 
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In conclusion avc niny sny that the above method for deter- 
mining diodrast in plasma and urine has come up to our cxpec a- 
tions in the further investigations on which we arc now engagee . 
Only rarely (in about 1 analysis out of 15) docs it bail. This always 
happens in the same manner, an excessive quantity of free iodine 
being liberated when the potassium iodide is added — apparently 
due to incomplete removal of potassium permanganate or sodium 
nitrite. As a rule, however, these incorrectly made analyses arc 
easily distinguished from the correct ones, as the quanlil)' of 
iodine is much greater than what may be expected. As a safeguard 
against this uncertainty in the method wc always make triple 
analyses. 

Summary. 

A critical examination is made of White & Rolf’s method of 
determining Perabrodil (diodrast) in plasma and urine, 

A description is given of an analytical method whereby 
diodrast iodine can be determined in quantities from B to 60 gamma 
with an error of 3 %. 
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Pathogenesis. 
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In the last few ycar.s wo Itavc in the Medical Department of 
the Dranimen Hospital had two cases of hemochromatosis iiith 
special complications. In both cases hypcrsidcrcmia was observed, 
which is of the greatest importance, for an understanding of the 
pathogenesis of the disease. 

I. 

Case reports. 

Case 1. H. B. Journ. No. 6281 42/43. 

Man, aged 39. Gardener. 

During llie last throe years lie has been several times admitted to the 
hospital. 

His mother died of diabetic coma. Otherwise he knows of no case of 
diabetes in the family. Ilis father and his brothers and sisters, 8 in all, 
as well as one child, arc healthy and have no remarkable skin pigmentation. 
He himself has always been strikingly dark-skinned and has for that reason 
been called i>the foreigner)). In the summer of 1939 it seemed to him that 
his skin became much darker than ever before. 

In july 1939 he got diabetes, with polydipsia, polyuria, emaciation, 
clouded vision, glycosuria and ketonuria. The symptoms rapidly abated 
on dietary treatment. 

On admission to the hospital in September that year he had moderate 
glycosuria, slight ketonuria and a fasting blood sugar of 321 mg per cent. 
A remarkable pigmentation of the skin was at once noted, being most 
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marked on the forearms and on the back of the hands, on the^exlensor side 
STS less 0^1 eed emund n,c eemtsls. The pigmenW.on xvas 
wm a more bluish-gray tiuge in the most mlensely coloured 
regions. No pigmentation ol mucous membranes. The liver uas '"'ar^dv 
S, and a mtle tender to touch, with a blunt lotver edge reaching to 
ahTut two linger-breadths below the costal arch. The spleen was not 
palpable. No distended .veins .were found over the abdomen and there w s 
no ascites. Otherwise no pathological findings on examination of the 


organs. 

His diabetes was kept in check by administration of insulin and for 
some time afterwards he felt well. But half a year after his first stay m the 
hospital he got cardiac troubles, which have thereafter been a marked 
feature of the clinical picture. He got pains in the chest and neck, pains 
which by degrees assumed the caracter of typical attacks of angina pecto- 
ris. In April 1940 he was again admitted to the hospital after a severe 
attack presenting clinical signs of cardiac infarction, with fever, increased 
sedimentation rate and electrocardiographic changes. On being kept in 
bed he soon became free from pain and when he left the hospital three 
months later there remained only small electrocardiographic changes and 
a slightly increased sedimentation rale. 

His condition in the following two years was more or le.ss uncharged, 
but he was weak, had little capacity for work and got angina pectoris on 
exertion. In May 1942 he was again admitted to the hospital after a 
violent attack of pains, once more presenting clinical signs of cardiac 
infarction. He was subfebrile, the blood pressure had fallen to i0r>l76 
mm Hg and the sedimentation rate was 48 mm per hour. No pericardial 
friction rub was noted, but repeated electrocardiographic examinations 
revealed an infarction of the posterior wall. After lying in bed for six weeks 
he was free from pain and without fever, the sediincnlation rate fell to 
10 mm per hour and the blood pressure rose to the usual height. 

He has since been comparatively well, works at small jobs, but gets 
pains after exertions. His general condition has been more or less unal- 
tered and his weight was well maintained until last summer when he lost 
some few kilograms. 


The skin pigmentation varies somewhat in intensity. He believes him- 
self that his skin was darker during the first lime he had diabetes. 
Periodically there appear on the otherwise deeply pigmented skin of the 
forearms, abdomen, penis etc. entirely white, unpigmented patches. These 
white patches and areas disappear again after some lime. 

He has not noticed any remarkable loss of hair. The hair on the head 
has for many years been very thin, but has not become more so since the 
ciimcal manifestation of the disease. The axillary and pubic hair remains ' 
intact. Complete sexual impotence has existed since the disease set in. 

medium severity with little tendency to 

S whL glycosuria was present during 

the whole t.me, but never ketonurir. With only two injections of insulin 
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per dn,y the excretion- of sugar could not be sufficiently reduced, because of 
a tendency to hypoglycemia. On the other hand, there was no resistancfe to 
insulin; such as has been reported in some cases of obronzed diabetest. 
In the course of the more than three years liis diabetes has lasted it has 
not shown any distinct progression.' 

Among the laboratory findings it may be mentioned that there has 
constantly been found a normal or very sliglitly increased icteric index 
and slight urobilinuria, findings wliich must be deemed to have connection 
with the cirrhosis of the liver. As a sign of hepatic insufficiency must also 
be regarded the severe hemeralopia noted in repeated tests. 

The Takata test gave negative results. Determination of prothrombin 
in the blood showed normal values. Wassermann and Meinicke tests in 
serum were negative. In numerous examinations of hemoglobin, erythrocy- 
tes, reticulocytes and leucocytes normal values were found. A sternal 
puncture shoAved normal morphology and distribution. Thus there Avere 
found no signs of increased destruction, increased or reduced regeneration 
of the red blood corpuscles. Differential counts of the AA'hite corpuscles 
reA'ealed normal conditions. Determination of the blood cholesterol at 
different times shoAved 320, 215 and 331 mg per cent, i. c. hypercholeste- 
rolemia. A determination of serum-iron May 1042 roA'caled a material in- 
crease. 22.5 gamma per cent. A control examination half a year later 
shoAA’ed 197 gamma per cent. 

From the finding of hypertrophic liA-cr, bronzed pigmentation of the 
skin and diabetes it AA-as assumed already during his first stay in the hospi- 
tal to be a case of bronzed diabetes. A biopsi of the skin, howcA’er, reA-ealed 
only a large amount of idiysiological, but no iron-containing pigments, 
September 1941 the diagnosis aa'os A-erified by puncture of the liA’cr, The 
microscopic picture (Fig. 1) shoAA's liA'cr tissue AA’ith some parenchymatous 
degeneration as Avell as a numked increase of stroma AA’ith fibrosis. There 
is seen an abundant deposition of dirty-broAvn pigment, mostly in the liver 
cells, AA’here it occurs in fine granules, but also in the connecliA'e tissue, 
Avhere it is more inclined to gather into lumps. The pigment gh-es positive 
reaction for iron on staining by the Turnbull method (iron-containing 
pigments bluccoloured). The histological diagnosis Avas hemochroma- 
tosis. Such a large quantity of hemosiderin in a cirrhotic liA’er could 
hardly be deemed compatible AA'ith any other diagnosis. 

Case 2. L. L. Journ. No. 7149. 42/43. 

Man, aged 54. Factory AA'orker. 

He has been treated in the hospital soA’eral times during the last 1 
years. So far as ho knoAA’s, there has been noe case of diabetes or remark- 
ably dark skin-colouring in his family. He has throe children, all of Avhom 
are of pale complexion. In his younger years he AA’as in America, Avhere 
he AA'orked for Iavo years in a copper mine. In 1919 he returned to Norn'a} 
and has since not been more exposed than others to the risk of copper 
poisoning. 
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He liRd not noticed. any darkness of the skin Pf W 

commenced in Jannary 1938 with fracture of a nb, first on ihe rjgM an^ 
afterwards on the left side, after remarkably-slight injuries. Shortly after- 
wards he fell from a cycle and sustained a petrochantary fracture of 
left thigh for which he Avas treated in the surgical department. ^ 

In conjunction with these fractures he began to get pains of mcreasing 
severity in the lumbar and sacral regions of the spine, and it is chiefly from 
these pains that he has since been suffering, ivith shorter or longer periods 

of improA'ement. 


On his admission to the hospital November 1938 attention was at once 
draivn to a striking pigmentation of the skin, of dirty-brow or more 
bluish-gray colour. The pigmentation Avas general and diffused, but 
Avas considerably more intense on the forearms, upper arms and extensor 
side of the legs, as AA’'eIl as on the face. There aatss also-marked pigmenta- 
tion over the back and abdomen and, around the genitals. No pigmenta- 
tion of the mucous membranes Avere noted. The abdomen was meteoristic. 
The liver Avas enlarged, slightly tender, of firm consistency, with a some- 
Avhat lumpy surface and a blunt loAA'er edge extending 2 or 3 finger-breadths 
below the costal arch. The left lobe of the liver Avas particularly large, so 
that it felt like an enlarged spleen. But the spleen Avas not palpable. There 
Avere no distended veins OA’-er the abdomen and no ascites. OtherAvise 
nothing of interest AA^as found on examination of the organs, but arcuate 
kyphosis AA^as noted in the thoracic and lumbar section of the spinal 
column. . 


In February 1941, three years after the first symptoms appeared the 
illness entered into a neAv phase, as he got diabetes AA'ith thirst, ravenous 
hunger, debility, emaciation, transitory hypermetropia, glycosuria and 
ketonuria. The symptoms abated on dietetic treatment. On admission 
to the hospital he had considerable glycosuria, ketonuria and hypergly- 
cemia. His diabetes Ava.s checked by administration of insulin and has 
since remained fairly stationary. There has been little tendency to acido- 
sis, but constantly a not inconsiderable glycosuria. Larger doses of insulin 
might easily lead to hypoglycemia. 

In the last couple of years the patient has got increasing pains in the 
back and left liip, AAhere arthrosis AA^as found to occur. ^Vl^ereas the pains 
had formerly subsided for some time after rest in bed and treatment Avith 
cod-lwer oil and calcium, they ha\'e latterly become rather intractable. 
These pains together with an increasing lassitude an muscular Aveaknes 
Jiave now made him a man unfit for Avork and prematurely aged. Other- 
AAuse the pigmentation and the findings in the organs were the same as 


idready before bis first admission to the hospital for medical treatment 

1 '•''r ^ osteoporosis of the spinal column, 

AA'ith marked decalcificatmn, biconcave deformity of the vertebrae and 
con,p,«s.o„ tactwes ol three vertebrae, corresponding to tie kypltosit 
thoraeo-Inmber colnmn. The X-rsys also showed seyere osteoporosis 
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in the pelvis and in the bones of the thorax. Serum-calcium and serum- 
phosphorus values were repeatedly found to be normal. A. determination 
of phosphatase also showed normal figures — 3,2 Bodansky units. There 
was no fatty diarrhea, but gastric achylia was observed. 

Of greatest interest is a glucose tolerance test with 65 g of glucose 
October 1939, a year and a quarter before the symptoms of diabetes made 
their appearance (Fig. 3). The curve here found is too high and too broad 
and it shows that a latent diabetes existed already at that time. 


liJO 

Ho 

llo 

Uo 



Fig. 3. 


Bromsulfalein tests, determination of quinine-resistant lipases in the 
serum and Takata’s test revealed no failure of the liver functions. The 
prothrombin time was found to be normal. Measurements of adaptation 
to darkness showed in one instance pathological, but afterwards normal 
conditions. The icteric index remained normal, from 5 to 7, and there 
was a moderate degree of urobilinuria. 

The beha^nour of the blood and blood-forming organs in these con- 
ditions has always been regarded with the greatest interest. In our pati- 
ent normal values were noted for hemoglobin, erythrocytes, reticulocytes 
and leucocytes. Repeated differential counts revealed a relative lympho- 
cytosis of from 45 to 75 per cent. Sternal puncture showed normal erjdhro- 
poieses an leucopoiesis. Determination of serumiron in June 1942 revealed 
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considerable hypersideremin, 241 gf^mma per cent. 

course of the illness there was found an increased sedimentation rate, 

mostly about 30 mm per hour, at the last examination 65 mm. 

As regards other examinations it may be mentioned that \yasser- 
mann’s and Meinicke’s reactions in the blood. were negative. Electrocar- 


diograms have shown normal conditions. 

Already during his first stay in the hospital the presence of hemo- 
chromatosis WES suspected on account of the hypertrophic liver and the 
pigmentations. IMeanwhile, a biopsy from the skin revealed only abun- 
dant pigment without iron, which, however, is no unusual observation in 
case of hemochromatosis. As already mentioned, the blood sugar curve 
also showed that the third main symptom, diabetes, was present, and 
with the appearence of manifest diabetes the clinical diagnosis was render- 
ed fairly certain. This diagnosis was finally verified by puncture of the 
liver in March 1941. The histological picture (Fig. 2) shows degeneration 
of the liver cells and a large increase of the interstitial fibrous tissue. 
Large quantities of dirty-brown pigment were seen, chiefly as fine granu- 
les in the liver cells, but also as coarser masses in the interstitial tissues. 
The Fontana test for melanin yielded a negative result. On the other 
hand, an essential part of the pigment gave positive iron-reaction on 
Turnbull staining. 


11 . 

Discussion. Our two cases are of considerable interest, not only 
because they present the typical picture of bronzed diabetes, but 
also because they shoav features of the disease Avhich have hitherto 
received little or no attention; The cardiac affection occupies the 
foremost place in the clinical picture presented by the first patient, 
while osteoporosis with spontaneus fractures is the most prominent 
feature in the second case. 

Cardiac complications have been observed in many patients 
with hemochromatosis, but it is believed that these complications 
are not occasioned by the primary disease. It is true that the 
myocardium is one of the organs in wiiich hemosiderin is deposited 
to the largest extent, but signs of degeneration or fibrosis are sel- 
dom noted. ( 1 , 2, 3). Electrocardiographic changes have been 
described in some cases, but it is a remarkable fact that cardiac 
symptoms imve been absent, although autopsies have revealed 
enormous accumulations of pigment in the myocardium. Mcan- 

ihfarctiJ'^" an affection of the coronary^ vessels with cardiac 
farcLon occurs m so young a man as our first patient, it is rea- 
sonable to regard this as having relation to his hemochromatosis. 
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The presence of a considerable hypercholesterolemia must he viewed 

in connection wth the affection of the coronary vessels and there 
probably here exists a vascular xanthomatosis of the type de- 
scribed by Carl Miillcr (4). 

As a complication in diabetes Joslin (5) more frequently obser- 
ves disorders of the coronary vessels in patients vdth hyperchole- 
sterolemia, especially the more permanent form thereof which is 
not associated with coma or acidosis. 

The affection of the coronary vessels may therefore ver}' well be 
conceived to be a complication of the diabetes. But there is also 
another possibility, namely, that the existing disturbance in the 
cholesterol metabolism is due to the liver disease. In uncomplicated 
portal cirrhosis of tlic liver blood cholesterol is said to have been 
found normal or subnormal in most cases, but some cases of hjper- 
cholestcrolemia have been reported. Weidrnan and Stokes (6) 
describe a case of hjqmrlrophic biliary^ cirrhosis in a child with an 
exceedingly high blood cholesterol value, classed as a complex 
xanthoma tuberosum. They slate that the role of the liver, parti- 
cularly of hypertrophic cirrhosis, in the development of cutaneus 
xanthoma has become thoroughly established. Fiessinger and 
Merklen (7) describe a special variety of hepatic cirrhosis vdth hj-per- 
Irophic liver, pigmentation of the skin, hypercholesterolemia and 
multiple xanthomatosis, but without diabetes. Bech (8) reports a 
shnilar case. A causal connection between hepatic cirrhosis, hyper- 
cholesterolemia and vascular xanthomatosis is therefore a very 
obvious possibility. 

Osteoporosis in combination with hemochromatosis has earlier 
been reported by Keith and Me Nair (9) (one case) and by Sheldon 
(three cases). In our patient, as well as in the above-mentioned 
cases, normal values for serum-calcium and serum-phosphorus 
were found. Likewise the serum-phosphatase was normal in our 
case. The accumulation of calcium in the organs which was ob- 
served by Ramage and Sheldon (1) in cases of hemochromatosis 
shows that there must have existed unknown disturbances of the 
calcium metabolism, in spite of the normal conditions in the blood. 

In cases of hemochromatosis large quantities of pigment are 
found in the parathyroid glands (2), in the suprarenals (2, 3) and 
in the hypophysis (1). Disturbances in the functions of these organs 
may be supposed to leed to osteoporosis. We have, however, no 
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criteria for the supposition that, the mere accumulation of pigment 
iu' the organs has an influence, upon their functions. 

It is more likely to look upon the osteoporosis as a secondary 
consequence of the liver disease. Under the designation Rosteoma- 
laoia hepaticaR Ask-Upmark (10) describes a. case of severe osteopo- 
rosis in liver cirrhosis. A man aged 57, who was suffering from 
diabetes,- got severe osteoporosis. Autopsy revealed hepatic cirrhosis 
as well as hemochromatosis in liver and pancreas. Ask-Upmark 
supposes that it is the function of the liver as storage organ for 
vitamin-D that fails. In our patients hemeralopia was noted as a 
sign of deficiency in the vitamin- A metabolism. 

One point in the history of our second patient deserves atten- 
tion. Twenty years before the clinical symptoms appeared be 
was working for two years in a copper mine. In 1920 Mallor)^ 
Parker and Nye, on the basis of long-continued injection experi- 
ments on rabbits, maintained that chronic copper poisoning may 
give rise to cirrhosis of the liver and hemochromatosis. Subsequent 
ejqierimental and clinical investigations, however, have failed to 
confirm these results. We must therefore assume that it is merely 
a coincidence that the patient had been working in a copper-mine 
and we cannot venture to draw any conclusion therefrom as regards 
a possible causal connection. But even if copper bears no causative 
relation to hemochromatosis or hepatic cirrhosis, yet the copper 
metabolism is abnormal in both of these conditions. Herkel (11) 
showed that in hemochromatosis as rvell as in cirrhosis of the liver 
there is generally to be found an accumulation of copper in the 
organs, especially in the liver, which is seen to have many, times 
more than the normal content of copper. In this connection it 
would be of interest to have carried out determinations of copper 
content in the blood serum in these diseases. 


III. 

Pafbymesis: The pathogenesis of liemochromatosis has been 
under discussion since the close of the last century and many diffe- 
rent views have been advanced. The main interest has now centred 
firstly on the theory of a disorder of metabolism and secondly on 
the theory of a hepatic disease as the primary cause. 

The existence of a primary metabolic derangement, first and 
foremost an abnormai iron-metaboiism, is maintained by a iarge 
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number of authors (Parker 1903, Sprunt 1911, Howard and 
Stevens 1917, Eldh 1928 and others). In recent years most of those 
who have devoted attention to the pathogenesis of hemochromato- 
sis have adopted a view similar to that first advanced by Sprunt (2) 
in 1911, namely, that the primary factor is an intracellular deran- 
gement of the iron metabolism, with increased cellular affinity for 
iron. Sheldon (1), who agrees with' this view, bases his conclusion 
first of all on the fact that hisovmand earlier investigations seem to 
show that the blood in hemochromatosis has a low or subnormal 
content of iron, a circumstance which must he taken as pointing 
to a retention of iron in the tissues. Sheldon accordingly assumes 
that determinations of the serum-iron in hemochromatosis would 
also show low values. The results of serum-iron determinations in 
our two patients go to show that his assumtion is erroneous. Neither 
have any other convincing arguments been advanced for the theory 
of a disturbance of intracellular metabolism, nor have we any re- 
liable criteria, either clinical, pathological or experimental, for the 
assumption that the pigmentation of the organs is the primary 
element. 

The other main theory is to the effect that the hepatic cirrhosis, 
or, more correctly speaking, a polysclerositis with cirrhosis of liver 
and pancreas, is the primary factor. The view that the liver disorder 
is the primary cause was maintained as early as in 1888 by Brault 
and Galliard. Simmonds (12) was the first to regard the disorder 
as being a special variety of portal cirrhosis of the liver. Several 
authors have subsequently adopted this view of hemochromatosis 
as being the result of an extreme degree of the changes which arise 
in ordinary liver cirrhosis. The cirrhosis of the liver in hemochroma- 
tosis is identical with the usual portal cirrhosis, in which there also 
occurs a certain degree of hemosiderin pigmentation. In both con- 
ditions a chronic interstitial pancreatitis is a feature frequently 
observed. Barrelet (13) found cirrhosis of the pancreas in half of 
the cases of liver cirrhosis investigated and in 6 per cent of his 
cases the pancreatic cirrhosis had manifested itself clinically as 
diabetes. 

In liver cirrhosis there is frequently observed a striking pigmen- 
tation of the skin, which becomes brown .or dirty-gray. There have 
been described cases of liver cirrhosis ^vith bronzed .pigmentation of 
the skin, but 'without hemochromatosis and 'without diabetes, for 
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instance, the abovementioned cases (7, 8). In cases of hemochroma- 
tosis cirrhosis of’ the liver is always present. Pigmentation may be 
lacking, diabetes may be lacking, indeed, it may even be said 
paradoxically that hemochromatosis may be absent from the pic- 
ture, but cirrhosis of the liver never fails to. appear. 

It was likely to suppose that the improved methods employed 
in recent years for determination in serum of the hemoglobin-free 
iron fraction should be able to throw new light on these problems. 
Therefore, in the spring of 1942 determinations of serum-iron were 
made (by Dr. med. J. Dediclien, University Hospital) in both of our 
patients by Heilmeyer and Plotner’s method (14), The quantity 
found in patient No. 1 was 225 gamma per cent, later 197 gamma 
per cent. In patient No. 2 was noted 241 gamma per cent. 

The normal values for serum-iron found in adult men by the 
above method are stated to be the following: 



Min. 

Mean 

Max. 

No. ol patients 
examined . 

• 

Heilmeyer and Plotncr 1937: 

81% 

Hj 

162% 

25 

Skouge 1939: 

79 * 


162 » 


SikE-kura 1940: 

107 » 


135 > 

10 

Vahlquist 1941 (statistically comput'd 

13» 

142 » 

271 * 

50 


In spite of Vahlquist’s (15) computation of a very wide range of 
variation we must assume that the high values found in our patients 
represent a pathological hypersideremia, far greater than %vas 
found in any other of the numerous samples sent in by us for exa- 
mination. 


We have had no opportunity, in the time that lias elapsed, to 
investigate the serum-iron values in portal cirrhosis of the liver. 
But of greatest interest is tlie observation reported by Heinme- 
ler (19) that in acute hepatitis there appears with absolute regula- 
rity a hypersideremia which develops independently of the bili- 
rubmemia. This observation has been confirmed by Skouge (17) 
and later by Valilquist and Waldenstrom (15). In four cases of 
cirrhosis hepatis Bjerre .and Christoffersen (18) found the follow- 
ing serum-iron values: 165, 171, 149 and 127 gamma per cent The 

last was found in a female, the others in males. The Wghcst serum- 
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iron value found in normal ittales was 160 gamma per cent.. These 
findings go to show that a cellular disease of the liver may occa- 
sion a derangement of the iron metabolism with hypersideremia and. 
that the hypersideremia observed in cases of hemochromatosis is due 
to the hepatic disorder. 

In view of the values found for serum-iron it must be deemed- 
highly probable that hemochromatosis is . due to a derangement of 
metabolism, ^vith increased cellular affinity for iron. In other con- 
ditions where there is supposed to exist a special demand for iron 
in the tissues, particularly in the reticulo-endothelial system in 
case of acute and chronic diseases due to infection, low serum-iron 
values are found (15, 17). We should- necessarily expect the same 
to be the case in hemochromatosis, if the tissues there showed in- 
creased affinity for iron. 

Other causes of hypersideremia in hemochromatosis have not 
been discerned, no changes in the peripheral blood or in the bone- 
marrow which could explain the condition, no increased supply 
of iron, no diminution in the regeneration of red blood corpuscles 
and no increased destruction of the blood. Neither has there been 
demonstrated any failure in the functiones of the .intestine or in 
those of the kidneys as excretory organs. The liver has long been 
ascribed an important r61e in the iron metabolism, either as storage 
organ or as an organ of excretion. There is good reason -to suppose 
that it also in other ways has a regulatory influence on the iron 
metabolism. We consider it extremely, probable that the hyper- 
sideremia observed is due to a breakdo^vn in this function of the liver 
in the iron metabolism. This failure in the liver functions accord- 
ingly leads to an increased conveyance of iron with the blood, a 
process which was previously supposed, but not proved, to take place. 

Our conception of the pathogenesis in hemochromatosis may 
briefly be expressed as follows: Hemochromatosis or bronzed dia- 
betes is due to a primary cirrhosis of the liver and pancreas, in 
consequence of which there comes a derangement of the iron meta- 
bolism with resultant hypersideremia. When the supply of iron is 
thus increased, the tissues, in which the physical and functional 
conditions are favourable take up the iron into the cells and deposi- 
tion of hemosiderin gradually takes place. 

In this grave disorder of the liver several other branches of the 
intermediary metabolism may also be injuriously affected. The 
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formation of hemofuscin may also very well be explained as a se- 
eondary consequence of the liver disease. Retention of. sulphur in 
some of the organs has been observed and the formation of hemo- 
fuscin may possibly be connected wth a disturbance of the sulphur- 
protein metabolism. In our cases we have also observed osteoporo- 
sis, which was deemed to be due to a disturbance of the calcium 
metabolism, and hemeralopia ascribed to derangement of the 
vitamin-A metabolism, while also other circumstances are men- 
tioned which point to a disturbance in the metabolism of cholesterol. 


Summary. 

Two cases of hemochromatosis are described. In one of these 
patients, a man aged 39, the case was complicated by an affection 
of the coronary vessels with cardiac infarction. The heart trouble is 
presumed to have been caused by the primary disease.- There was 
noted hypercholesterolemia, which may have been secondary either 
to his diabetes or to his hepatic disorder. Another complication was 
hemeralopia. In the other case, a man aged 54, the disease was 
complicated by severe osteoporosis with spontaneous fractures. It 
is maintained that this osteoporosis must be deemed to be due to 
a failure of the liver functions. The patient had worked for two 
years in a copper-mine, but that fact is not considered to have any 
etiological significance. The diagnosis was in both cases verified by 
puncture of the liver. Determinations of serum-iron -were made in 
both cases and hypersideremia was found to be present. It is supposr 
ed that this hypersideremia must have been occasioned by the 
cirrhosis of the liver and, on the other hand, have been the cause 
of the hemosiderin pigmentation. 
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Serum phosphatase in thyrotoxicosis and 

myxoedema. 

By 

POUL BECHGAARD.. 

(Submitted for publication February 18, 1943). 


Previous Investigations. 

The increase in the basic glycerophosphalase in thyrotoxicosis 
was observed in 1930 about at the same time by Kay and by 
Roberts. Among 9 patients with thyrotoxicosis Kay iound an 
increase in phosphatase in 8. ' He did not enter further into this 
question. In 1934 Bodansky & .laffe observed some cases of thyro- 
toxicosis vdth increased serum phospiiatase and negative calcium 
balance, and in one case there was at the same time a roentgeno- 
graphically demonstrable halisteresis. The increases observed were 
only small, however, and onlj^ a few patients were examined in 
this respect. The negative calcium balance in thyrotoxicosis was 
first demonstrated by Aub and collaborators and has subsequently 
been confirm by other investigators including Robertson. 

Later, several authors have taken up the study of this increase 
in phosphatase from a clinical point of view as well as from an 
experimental. 

By administration of thyroxin, Scoz & Marangoni produced 
a rise in serum phosphatase in dogs, and in rats they found under 
the same conditions an increased, amount of phosphatase in the 
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bone. On the otlier hand, Low, Wilson & Aub were unable to 
confirm this increase in hone phosphatase. Pelczar & Murza- 
Murzicz investigated the glycerophosphatase, adenylphosphatase 
and guanylphosphatase in thyroxin-poisoned rabbits. They found 
a rise of up to 100 %, which on the whole was proportional to the 
intake of thyroxin, although the animals differed in their indi- 
vidual sensitiveness. After discontinuance of this intoxication the 
phosphatase values fell off to a normal level. The greatest rise 
was found for adenylphosphatase. In patients with exophthalmic 
goiter the authors found the phosphatase value increased in several 
cases, but these values were not correlated with the rate of the 
standard metabolism. Two patients of this kind showed normal 
values after X-ray treatment. Bowman & Pitts made simultaneous 
determination of the standard metabolism and the serum phosphatase 
in a number of cancer patients, without finding an distinct rela- 
tion between the two values. In one case, for instance, they found 
rise in the metabolic rate amounting to 50 %, vdthout any coinci- 
dent increase in phosphatase. 

M. Vermehren examined 20 patients with exophthalmic goitre 
and found in most of them a moderate rise in scrum phosphatase, 
besides an approximate agreement between the degree of the 
increase in standard metabolism and the rise in phosphatase. 
Further, in some cases the values obtained varied greatly from one 
time to another. None of these patients were examined after 
operation. The highest phosphatase value measured was 288 units. 
Most of the patients showed values between 85 and 125 units. 

Holger Buell found the phosphatase increased in 7 out of 
21 patients. There was no demonstrable relation between the rate 
of the standard metabolism and the phosphatase values hut he 
thought that the cases of longest duration gave the highest values. 


Writer’s Investigations. 

The purpose of the studies here presented has been to throw 
some additional light on the course and nature of the increase in 
serum phosphatase in patients with thjTotoxicosis by following 
the behavior of this phenomenon in a fairly large number of patients 
till some point of time after the operation. 
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PatienL Material . ' • ■ ' . " - 

Altogether 83 patients A\hth thyrotoxicosis have been examihe: , 
namely, 58 voth exophthalmic goiter and 25 vith thyrotoxic 
adenoma. Of these patients, 5 were admitted to the hospital in a 
state of iodine remission, and the metabolic rate at the beginning 
nf the disease is not know. The material includes all the patients 
admitted, to this department in the period when, these studies were 
going on — with the exception of 2 cases in which the phosphatase 
determinations failed and 1 case in which tetany developed. 

In these 83 cases the amount of serum phosphatase and the 
rate of standard metabolism w'ere determined twice a week, and 
the urobilin content of the urine w'as determined at least once a 
week. Altogether 11 patients were examined roentgenographically 
with a view' to halisteresis of the vertebral column, namely: some 
of the most severe cases, some of the most protracted and those 
with the greatest increase in phosphatase. 

62 patients were examined about 10 days after the operation, 
and 33 of these patients w'ere reexamined 2 — 6 months after. 

A total of about 800 phosphatase determinations w'ere made in 
these studies. 


Technique. 


Phosphatase is determined after Lundsten and Vermehren’s 
method, carried but as micrometliod on seriim. 

E. Vermehren states that with this method the normal limits 
are 17 and 66 units. In 34 persons, in w’hom there was no reason to 


expect an}’ increase in phophatase, the values were found to vary 
from 29 to 85 units, that is, somewiiat higher than the values 
observed by Vermehren (this difference may possibly be due to 
the circumstance that at present no glycerophosphate of the same 
make as was employed by Vermehren has been available). (Accord- 
ing to a verbal communication, also Vermehren and others have 
found a similar increase in the normal phosphatase values on 
employment of the glycerophosphate used in these studies.) 

Accordingly 1 have reckoned values over 90 units as increased, 
robilin IS determined after Schlesinger’s method as modified 
by Svend Hansen & Marcussen and reckoned pathological in the 
dilution 1/10 or higher dilution. 
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The rate of standard metabolism is. determined with Krogh’s 
apparatus. 

Thyrotoxicosis. 

Most of tlie patients witli exophthalmic goitre or thyrotoxic 
adenoma showed a slight but unquestionable increase in the phos- 
phatase values. Some showed »high normal values)); and a few 
showed a considerable increase. The distribution of these results 
is presented graphically in Fig. 1. 
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Fig. 1. Relation between the standard metabolism before treatment and 
average phosphatase values in 50 patients with exophthalmic goiter and 
24 patients with thyrotoxic adenoma { • ). 

On correlation of these phosphatase values ^ with the metabolic 
rates prior to the iodine treatment, it is found (Fig. 1) that there 
is no connection between the increase in phosphatase and the 
degree of the thyrotoxicosis as expressed by the increasing standard 
metabolism. This is even more obvious in Fig. 2 in which all the 
phosphatase determinations and the simultaneous values for the 
standard metabolism arc recorded. 

As mentioned, the standard metabolism and phosphatase deter- 
minations were made twice a week. Like M. Vermehren, in some 
cases we found the variations in the values from one time to another 
to be considerably greater than those seen in normal subjects. 

^ For reasons that will be evident from the following, I have reckoned 
here ^vith the averages for all the determinations in the preoperative period. 




SEKUM EBOSPIliTASE 1» TnYEOTOXICOSIS AND MVXOEDE.IA. 2!)- 

Buch has shown that in a normal subjccl the serum phosphatase 
keeps fairly conslanlty al the same level, and the uTiter has 
able to confirm this finding through frequent delerm.nat.ons from 

Ids OW blood. rn 

Under the preoperalive iodine treatment — m nearly all oj thes 

cases with diiodotyrosin -- in Nvhich the standard metabolism m 

most instances fell off rather rapidly and considerably, there 



I'ig. 2. Retatioii between scrum phosphatase and the simultaneous rale ot 
standard metabolism. The entire material. 


appeared no corresponding fall in the phosphatase values, which 
continued varying round the same level. The variations of the 
phosphatase values in 4 of these cases arc presented graphically 
in Fig. 3. 

In one of these cases the variations from day to day were 
particularly pronounced. The case record of tins patient is in 
abstract as follows; 


Pt. No. 541-12. Women, aged 30, married. AdmiUed lo Dep. P. of 

the Rigshospilal 20/2 — 1/4 and 7/4 — 0/4 — 1042. Diagnosis: E.vophUialmic 
goiter. 


Past History . ~ No disposition lo diseases of the thyroid. Apart from 
pyuria in 1927 and 1929 and dysuria since, when she cat dies a cold, site 
gives a past history of good health. 

-Present i//ness. During the last half year siie has has olionionorrhea, 
r mor o he hands, palpitation of the heart, sensalions of heal, sweating 
and periodical diarrhea. Enlargement of. the lliyroid wa.s not iced one niont h 
20 yteta mod. scandinav. Vol. CXIV. 
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ago. The appetite has increased, and the patient has not lost in weight 
Siie has not been treated with iodine. 

Physical Examination: Height: 1G4 cm. Weight: 53 kg (on admission). 
Thyrotoxic habitus with motor restlessness. Skin warm and moist. Bilateral 
exophthalmos. No oedema round the eyes. Jeffrey +; Graefe, Kocher & 
Moebius negative. Slight diffuse enlargement of the thyroid, of soft and 
homogeneous consistency. No whirring but distinct blowing. Auscultation 



Fig. 3. Serum phosjdialasc and standard metabolism in 4 cases of thjTO- 

loxicosis. 

© 0 = serum pliospliatasc. 

= standard metabolism. 

of the lungs: Normal findings. Auscultation of the heart: Action regular, 
108 beats per min.; otherwise no abnormality. Abdomen normal. Extre- 
mities; No abnormality except for a fine rapid tremor of the" hands. 
Roentgenography: Heart of normal shape and size. 
Electrocardiography: Sinus tachycardia; otherwise no abnormality. 
Blood pressure: 145/85. Urine: No albumin, sugar, blood or pus. Exa- 
mination for urobilin, thirty times, invariably negative. 

Standard metabolism; on admission: 170 % (see Curve). Serum phos- 
phatase: 83 units (see Curve); next day, 252 units. 
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Epicrisis: Case of rather recent origin, which at first reacts 
slowly to treatment with iodine. Considerable improvement after 
staying at home in her vacation, after which she is transferred 
to the surgical department for operative treatment. 

Serum phosphatase: After operation, 215 units; 1 J4 montlis 
later, 162 units; 5 months later, 90 units. 

lleexamination showed no sign of hyper- or hypothyroidism. 

Most of the patients were examined again 10 — 14 days after 
the operation, when the standard metabolism was normal again. 
The phosphatase values were still found to keep at the same level 



(serKgs!VL76r^'''"’ 
tte°pXr AlefjdLSf" 

the same time as the phosphatase performed at 

^vho were suspect of hyper- or 1 ^ 001 ^ patients-, 

metabolism was determined. the rate of standard 

In these 33 persons who were all founri i i 
"'^nation, the following average vi 

Pliosphatase: ^ found for serum 


Before the 
Immediately after 
2—6 months after 


operation 

» 

» 


97.0 units. 

98.1 » 

86.1 ^ 
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On the whole, then, there was a fall in serum phosphatase in 
the course of this period, and in some cases the value had become 
normal. In some cases, however, the values remained unquestion- 
ably increased. For details, see Figs. 4, 5 and 6. 

As no definite connection was found between the standard 
metabolism and the increase in serum phosphatase, it seemed 
reasonable to investigate whether there might be some difference 



Fig. 6. Phosphatase values just before and 10 — 14 days after the operation, 

besides 1 — 7 months after. 

between the phosphatase values in the two forms of thyrotoxicosis 
in the present material: exophthalmic goiter and thyrotoxic ade- 
noma. As these two lesions differ in various ways as to hereditary 
•aspects, symptoms, duration and age distribution, it was not 'a 
priori excluded that they might differ somewhat also with regard 
to serum phosphatase. The following averages were found for 


serum phosphatase: 

In 83 cases of thyrotoxicosis 97.6 units 

» 58 » i> exophthalmic goiter 95.7 » 

» 25 » » thyrotoxic adenoma 102 ^ 


In thyrotoxic adenoma the average value for serum phosphatase 
is thus 6.3 units higher than in exophthalmic goiter, but wth the 
wide dispersion of the phosphatase values this difference is not 
significant. (The standard deviation is respectively i- 9.8 and i 8.)- 
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Also the possMe relation between the du^tion ot the illnosa 

™ H^e trtta wraecount in which the dnrato 
or “Ld he esttaated with a fair degree of prohabthty 
Af cvmntoms). 


Duration of iliness No. of cases 


— Vz year 


1—2 

2 — 


years 


of cases 

Serum 

Maximum 

Phosphatase in units 
Minimum Average 

IS 

166 

51 

89.2 

27 

156 

45 

96.3 

12 

131 

59 

97.9 

18 

142 

47 

95.8 - 



Fig. 6. ReJalion belAveen the standard metabolism prior to the treatment 
and the avarage serum phosphatase before the operation (x), serum phosphatase 
value just after the operation (.) und 2 — 6 months after (o) 

Thus the average value for cases of less than G months’ duration 
is a little lower than the averages for the other groups, but here 
too the difference is not statistically tenable. 

In several patients the thyrotoxico.sis is associated with a liver 
lesion of a somewhat obscure nature, manifesting itself by a perio- 
dical appearance of clay-colored stools and by urobilinuria. In 
18 cases the presence of urobilin in the urine was demonstrated 
once or several times. In these cases the average serum phos- 
phatase value was 96.5 units ~ that is, this affection of the liver 
gave no additional rise in phosphatase. In the case with the highest 
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values for serum phosphatase tlie test for urobilin in the urine, 
which was performed daily, was constantly negative. 

In 11 patients with particularly severe and protracted thyro- 
toxicosis or particularly high phosphatase values, the lumbar 
part of the spinal column was roehtgenographed with a view to 
the presence of halisteresis. This abnormality was demonstrated 
only in one patient — a young man with a severe degree of ex- 
ophthalmic goiter, in whom the illness had lasted about three 
years (standard metabolism 190 %) — and here the serum phos- 
phatase was increased (100 — 125 units). 

No calcium balance test was performed. 

Myxoedema. 

As far as I have been able to find out, the literature has brought 
no information about serum phosphatase in ni\ocoedema. In view 
of the antagonism frequently observed between the symptoms in 
hyper- and hypofunction of the endocrine glands, one might expect 
to find low, possibly even abnormally low, phosphatase values in 
myxoedema. As yet I have had no occasion to examine protracted 
untreated cases of myxoedema. 

In 3 of the patients treated operatively for thyrotoxicosis the 
reexamination revealed a postoperative myxoedema. In these 
cases the values for serum phosphatase and the standard meta- 
bolism were as follows: 



Before operation. 

2 — 6 months after 

operation. 


Serum 

Standard 

Scrum 

Standard 


phosphatase 

metabolism 

phosphatase 

metabolism 

1. . . . 

. . . 102 units 

158 % 

OG units 

87 % 

2. . . . 

C2 » 

158 % 

60 » 

85 % 

3. .. . 

134 * 

167 % 

110 » 

83 % 


In 8 patients with myxoedema who had been treated with a 
thyroid preparation for a considerable length , of time and were 
getting along well on this treatment, the following values were 
obtained for serum phosphatase and standard metabolism: 



serum phosphatase in 


thyrotoxicosis and 


myxoedema. 


30 :i 


SUiidarcl mcU- 
bolism bctoPR 
treatment 

1 

2 ^ 

3 80 % 

4 ? 

5...'.. 83% 

(3 05 % ■ 

7 V 

8: . . . . 84 % 


Treatmeut 
with thyroid 
gland 

200 units 
1000 » 

1 

200 * 
200 • 
400 » 

400 • 

400 » 


Last standard 
melahoVisni 

, 103 % 

2 ■ 

9 

100 % 

9 

94 % 

100 % 

100 


Scrum 

phosphatase 

C>4 units 
100 • 

70 » 

72 • 

90 » 

104 » 

SI » 

72 * 


Tavo of these values for serum phosphatase arc dccidc(il> 
increased; one of these patients was given very large doses of Uiyroid. 

Really low values for scrum phosphatase were mi found m 
this patient material; but it has to be admitted that it was not 
particularly suitable for a decision on this question. 


Discussion. 

These studies on scrum pliosphataso in thyrotoxicosis have 
confirmed the finding reported by previous investigators: a slight 
increase in pliosphatnse in most cases of c.xopluhalmic goiter 
and thyrotoxic adenoma. On tlic other hand, these studies liavc 
not confirmed the connection which most investigators lliink they 
have found between the height of the metabolic rate and the rise 
in serum phosphatase. Severe and protracted cases of thyrotoxi- 
cosis may he associated with normal serum phosphatase, and mild 
cases with high phosphatase even though, on tlie wiiole, the most 
protracted and severe cases sliow the greatest rise in scrum phos- 
phatase (Fig. 6). 

In thyrotoxic adenoma the values for serum phosphatase have 
on an average been a little liigher than in exophthalmic goiter, 
but the difference is not significant. It would otherwise have been 
ovbious to attribute sucli a difference to tiic circumstance that 
thyrotoxic adenoma develops more insidiously, so that the lesion 
often persists for a considerable length of time before the patient 
comes under treatment. 

The values for serum pliospiiatase are not affected by the iodine 
reatment, nor do they fall off in immediate connection with the 
operative treatment (subtotal thyroidectomy). It lakes several 
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months after the operation before there is a fall in serum phospha- 
tase, and increased values may still be observed as late as 4 — 5 
months after the operation. 

The cause of the rise in serum phosphatase is still obscure. 
The lack of any relation with the increased standard metabolism 
makes it rather improbable that the increased serum phosphatase 
might result from the general accentuation of the cellular function 
accompanying the thyrotoxicosis. Nor are the phosphatase values 
particularly high in cases presenting signs of an affection of the 
liver. 

Previous investigators have thought that the rise in serum 
phosphatase was attributable to the calcium metabolism, and 
in support of this view they have cited some investigations that 
show that a negative calcium balance may occur in thyrotoxicosis 
and also, in a few cases, the phenomenon of halisteresis. 

Increase in serum phosphatase is commonly found in several 
bone lesions and systemic -diseases associated with decalcification 
or new-formation of bone. 

Even though halisteresis was found only in one of the present 
cases, it still seems reasonable to think, that this disturbance in 
the calcium metabolism — with a slowly progressing decalcification 
of the bones during the illness and a slow building up of the hones 
in the convalescence — affords the best explanation of the striking 
fact that the increase in serum phosphatase is slow in its appea- 
rance and persists long after recovery from the illness. 

No adequate explanation has yet been found for this disturbance 
of the calcium metabolism in thyrotoxicosis, and it seems more 
reasonable, as in other lesions of the calcium metabolism, to look 
upon the increase in serum phosphatase as a result of the abnormal 
processes in the osseous system, not as the cause of them. 

The practical significance of this increase in serum phosphatase 
must be said to be slight. For it would be difficult to imagine that 
it might be of any diagnostic value. Nor has it proved to be of any 
use for information about the course of the treatment or for an 
estimation of the prognosis. 

In 3 cases of postoperative myxoedema the serum phosphatase 
values were not particularly low, and the same applies to 8 myx- 
oedematous patients treated with thyroid. No untreated patient 
with myxoedema of considerable, duration has yet been examined; 
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Summary. 

AltogcUicr 83 palionls with thyrotoxicosis — iianiely, n8 witli 
exophthalmic goiter and 25 with thyrotoxic adenoma have been 
{oUowed under the preoperativo Irealmcnl witli frequent tielor- 
niinations of serum pliosphatasc and the standard metaholisni, 
and also for up to 5 months after liieir operative treatment. 

j\Iost of these patients .showed a slight increase in serum phos- 
phatase. No connection was found between the increase in statvdard 
metabolism and the rise in serum phosphatase. Most often, .‘^erum 
phosphatase kept increased for several months after recovery of 
the patient from thyroto.xieosis. 

The increase in scrum phosi)hatase is Ihonghl to be nltributnble 
to the calcium metabolism. Similar studies were carried oitt on 
II patients with myxoedema; they dici not show })arlienlarly low 
values for scrum phosjihnlase. 
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silzcndcn Herrn Professor Dr. Fppingcr-Viicn, I.nzarcllgassc M I, Medi- 
zinisebe KVmlk, zu rieblon. 
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The Composition of the Blood, and the Blood 
Pressure in Normal and Hypertonic Persons after 
Intravenous Injection of Glucose. 

By 

ALLAN BORBERG, G)p 2 nhogen. 

(Submitted Cor puhUcalion Jannar>* 18, 1013). 

Tlie intravenously injected hjiicrlonic glucose, solution has 
been employed experimentally as •well as diagnostically and thera- 
peutically, and the composition of the blood after this administra- 
tion of glucose has been the subject of various investigations. Tliis 
also holds for tlie water content of the blood which is the subject of 
special investigation in this work. 

Thus by animal experiments a more or less pronounced tem- 
porary hydremia or hydremic plethora was disclosed by v. Brasol, 
Lipschitz, Albritton, HanzUk, dc Eds and Taintor, Biirgcr and 
Bauer, Blalock, Beard, Thuss, and others. 

The occurrence of a corresponding hydremia in Man is reported 
for example by Burger and Hagcmann, Hess, Simenauer, Ellis and 
Faulkner, whereas Npnnenbrucli and Szj'szka now find dilution and 
now concentration of the blood. For all these investigations it 
holds, however, that a direct determination of the aqueous con- 
tent of the blood has not been performed, whereas the hydremia 
has been determined indirectly, for example by the dclcrmina- 
tion of serum protein or serum chlorine, measuring of the viscos- 
ity of the blood, of the hemoglobin per cent and cell volume per 
2 1 — Ada mcd. scandinav. Vol. CXIV. 
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cent, or by erythrocyte counting and similar methods, where uncon- 
trollable factors such as changes in the distribution of the blood, 
mobilisation of unkno^^^l depots and the like, may assert them- 
selves. Moreover, a great part of the examined material consists of 
individuals with disturbances of the water metabolism and edemas, 
for example persons with cardiac diseases, and (as reported by 
Simenauer) exsanguine and narcotised patients, all presenting con- 
ditions in which a spontaneous ' dilution of the blood cannot be 
excluded. 

Both dosage and concentration — as well as the speed of injec- 
tion — have been exceedingly varying but, just as Meyer-Bisch, 
Marx, Plum and others correspondingly detected a dilution of the 
blood after peroral administration of glucose, the above-named 
methods generally disclosed signs of more or less pronounced hydre- 
mia after intravenous injection of glucose. The thus observed 
hydremia is explained by an osmotic action of the glucose, and the 
authors of a number of other papers agree with this explanation and 
with the help of more theoretical deliberations come to the same 
result. 

As regards the therapeutic administration of the hj^jcrtonic 
glucose solution, it is now the most commonly employed solution 
within the so-called osmotherapy. The idea in osmotherapy is the 
causation of passage of fluid from tissue to the blood by the injec- 
tion of hypertonic solutions. After such an injection the organ- 
ism will ti^’’ to keep up the osmotic balance in the blood, and 
if there exist abnormal accumulations of some kind of fluid or 
other, it is assumed that the regulation is effected preferably by 
their mobilisation. Therefore, this therapy, which constantly is the 
subject of discussion, has been employed particularly opposite 
cardiac and circulatory diseases, especially conditions with edemas 
and acute lung edema, but it has also been used in different other 
diseases, such as for example hypertonia. 

As regards previous investigations in these conditions I refer to 
Polack and Harpoth’s paper in Hospitalstidende, 1936. These authors 
examined the effect produced by intravenous injection of 100 
cm^ of a 50 % glucose solution on the blood pressure in hyperten- 
sion of different origin and, just as previous authors, they found a 
decrease of the systolic blood pressure. In the same paper is report- 
ed an experiment with a corresponding quantity of glucose admi- 
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nistcvcd to 0 patient ™ll, nonnal Wood pressure tvhe re the l.lood 
pressure lilJse tended to decrease. From a Wood sugar curve 
plotted at the same time it is evident Ural the lugli values of I 
Wood sugar concentration, tvliich were due lo the injecUon, de- 
creased very rapidly. The mine during Il,c5uliscqucnl21 hours nol 
containing any sugar the following three possible causes of the 
rapid decrease of tlie blood sugar were suggested; CombusUon, 
fixation in the carbohydrate depots of the orgaiusm or compensa- 
tion by passage of fluid into the circulation. II is mentioned that, 
perhaps, all the three factors assert themselves but that the latter 
factor ought not to be overlooked. Among other aulhois lic.ss 
presumes that the decrease of the blood sugar above all is due lo 
hydremia. 

The special scope of the present work is to find out, by direct 
determination of the water content of the blood, the actual pas.snge 
of water into the blood stream by intravenous injection of a byper- 
tonic glucose solution, besides a corrcsjionding examination of 
the conditions in hypertension, one of those pathological conditions 
which are reported to be influenced favourably by the so-called 
osmotherapy. 


Methodics. 

As glucose preparation was employed sol. giukosi Leo 50 %, 
and the injection dosage in both series of investigation wa.s 100 cm^, 
i. e. 50 g of glucose, the quantity origi))ally employed in osmo- 
therapy. This was used, partly, because it afforded llie possibiUtv 
of greater reactions in eventual changes of the water content 
of the blood and, partly, because it made it possible to compare 

tlie conditions in the sound with the conditions in the diseased 
organism. 

The fluclualions in the blood sugar caused by the injocliou 
were delerrained at the same lime boll, in venous and capillary 
bood n, order to get an iden of the sngar con.pensation helweon 

0 Ite M <l‘>l“ininalions of the water conlcnt 

blood the changes in ti.o coll vohnne percentage of the Wood 

z:rr a, .w 

sugar both quahlatively and quantilalively. 
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The blood sugar determinations were performed according to 
Hagedorn and Norman Jensen’s method. The samples of venous 
blood were used immediately after the puncture in order to prevent 
inaccuracy on account of glycolysis, and the albumin precipitation 
was carried out as soon as the blood was drawn. 

The determinations of the water content of the blood were per- 
formed ad modum Schwensen. This method briefly consists of 
drying of the blood in a vacuum exsiccator, and the technic is as 
follows: 

In ordinary weighing-glasses (4 by 5 cm.) is placed a 2 cm. high 
layer of annealed, granular pimpstone. After drying in the exsic- 
cator on blue gel, the weighing-glasses are weighed and about 0.5 
cm® of heparin blood is placed in each of them, great care being 
taken that the fluid strikes the middle of the pimpstone layer. By 
weighing the glasses again the quantity of blood is ascertained. 
Now the glasses are placed in the exsiccator, and the air is sucked 
out until a vacuum of about 20 mm. is reached. Then exsiccation 
to constant weight was always obtained after 48 hours’ standing, 
that means to say that further exsiccation only yielded variations 
of less than 1 mg. With the help of these three weighings the water 
content of the blood is easily calculated. All the weighings were 
performed with an accuracy of Vio mg. 

The water content of plasma is determined in the same man- 
ner after centrifugation of the blood in stoppered glasses. 

In order to obtain identical results from duplicate determina- 
tions, the following precautions should be used: The distribution 
of the blood in the weighing-glasses must be effected vith the help 
of a special pipet for each glass. Ordinary eye pipets vith rubber 
caps are practical for this purpose. In consideration of dissimilar 
sedimentation the pipets on being moved from the blood receptacle 
to the weighing-glasses should be held in a vertical position. As 
was demonstrated by Schwensen, it is of importance for the accur- 
acy of the method that the blood is drawn without application of 
stasis, and that the test person prior to it has been lying flat on his 
back with his arms straight along the trunk for at least half an hour. 

The procedure of drawing the blood was as follows: 

With a 5 cm® record S3’^ringe are dravm about 5 cm® of blood from 
a cubital vein. As stasis is mcrety used manual compression of the 
upper arm at the. moment the venepuncture is performed. The 
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blood is at once emptied into a small tosUubc containing 0 5-1.0 
mg. of heparin Leo G. W. 4.8 and 2 glass beads. The test-tubes arc 
stoppered and turned upside dov.m a couple of times and then stoied 
until later examination. The weighing, however, was alway.s per- 
formed immediately after the termination of the cxpcnmenl, the 
test-tubes being shaken thoroughly for 1 minute before any blood 


was removed from them for analysis. 

This procedure renders it possible to carry through serial ex- 
aminations for a longer period uilhout much discomfort for the 


patients. 

The cell volume percenlagc was determined by centrifugal ion of 
the blood in a van Allen hematocrit until the column of blood 
corpuscles had a constant volume and was lac-coloured in its whole 
extent. Readings were made with the accuracy of dividing-line. 

The blood pressure was measured with a merem*}’ manoincter 
and the standard technic suggested by English-Amcrican authors. 

The discharge of sugar in the urine was examined with Almtui’s 
solution and Lolmslcin’s saccharomclcr. 


In all the eases duplicate determinations were ]>erforjncd. 

The accuracy of the methods was assayed on 10 samples of 
blood drawn in immediate .succession from the same individual bv 
determining the blood sugar in capillary and venous blood, the 
water content of total blood and plasma, and the cell volume per- 
centage (liematocriL figures), and the blood pressure was deter- 
mined by a corresponding number of measurings. 

The mean error on the mean value of duplicate determinations 
was calculated to be: 


Blood sugar (capillary blood): 
Blood sugar (venous blood)... 
Water content of total blood: 
Water content of plasma: , . 
Hematocrit figure: 

Blood pressure (systolic); 


± 0.005 % 

± 0.006 % 

± 0.0S3 % 
i 0.0S7 % 
±0.36 % 

± 2.2 mm. 


of "S-™! lo U,c contonL 

till U,e tcmiination of the experi- 
nt. TOs exanuncci whether a change in the water content wonlcl 
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take place in heparin blood Avhich was allowed to stand for 4 hours 
the delected variations proved to Ijc far within the limits of error! 

Thus the experiments were performed in the following manner. 

The test person having" received ordinary ward diet for several 
days, must abstain from food during the last 14 hours prior to the 
experiment, nor is he allowed to drink anything during that time 
in order to prevent errors in the resorption of fluid from the intes- 
tine. Then, immediately after micturition, he is requested to lie 
down quietly for 1 hour with his arms straight along the trunk. 
The cuff of the sphygmometer is placed on the left upper arm, and 
the tension is measured 3 limes during that hour, the lowest value 
found being used as slarling value. After the lapse of an hour 5 cm^ 
of blood are drawn from the other arm by venopimclure without 
stasis and emptied into a test-tube containing 0.5 — 1.0 mg. of hep-’ 
arin. From this tube a sample is taken for the examination of the 
fasting blood sugar and cell volume percentage; then the tube is 
stoppered and stored for later examination. A sample of blood is 
also dravTi from the ear for determinations of blood sugar and 
hemoglobin. Subsequently 100 cm® of a 50 % glucose solution were 
injected intravenously in the left arm in the course of 2 — 3 minutes. 
^Yithin from 1 to 5 minutes after the injection venopuncture was 
made on the right arm with withdrawal of about 5 cm® of blood, 
a sample of which was used for determining the blood sugar and cell 
volume percentage. ^Moreover, at the highest 1 minute after the 
puncture a sample of blood was drawn from the ear for deter- 
mining the blood sugar. 

These examinations were repeated during the next 3 hours, 
namely, 10, 25, dO, 60, 90, 120, 150, and 180 minutes after the injec- 
tion of glucose. The blood pressure was measured as soon as possible 
after the withdrawal of the blood samples, and it was moreover 
controlled 3 and 21 hours after the termination of the experiment. 
The diuresis from the subsequent 20 hours was measured and 
examined for sugar, the first portion of urine passed imme- 
diately after the termination of the experiment being examined 
separately. 

Besides these examinations, determinations of the hemoglobin 
percentage (Zeiss’ hemometer) in capillary blood were performed 
in isolated cases at the same time as the blood sugar determina- 
tions during the first hour after the injection. 
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Examinations of normal individuals. 

The material of normal persons consisted of 8 apprentice hos- 
nital nurses, aged 23—31 years, who were kind enough to submit to 
thJ examination of these conditions. They felt and looked all well, 
and had been submitted to medical examination before they wcic 
engaged, whence it is warrantable to regard them as being healthy. 


T <? -ct. 23 years. Weight GS kg. Hb. 90 %. Urine without ABPS. 
Blood pressure: 125/85, 125/85, 125/85. 



Fasting 



minutes 

after injection 




values 

’A 

10 

25 

40 

60 

90 

120 

150 

ISO 

Blood sugar'in 









• 


capillary .... 

90 

475 ■ 

297 

21G 

179 

125 

107 


90 

SO 

vein 

90 

439 

25G 

179 

143 


00 

81 

72 

72 

Water content in 











total blood . . 

80.25 

82.2G 

81.41 


80.15 

79.88 

80.0G 

79.91 

SO. 11 

79.G8 

plasma 

90.G0 

02.G5 

91.90 


90.34 

90.01 

90.52 

90.08 

90.59 


Cell volume % . . 

39 

35 

37 

40 

40.5 

39 


40 


40.5 

Blood pressure 

125/85 

120/85 115/85 11. 

5/ 11 

5/ 120/85 120/ 120/ 120/85 


Blood pressure after 3 and after 24 hours: 125/85 

Urine immediately after examination: 500 cm®, Lohnstcin 1.3 % — C.5 g, of 
glucose. 

Urine from the subsequent 20 hours: 800 cm®, ^Yilhout sugar. 


M. N., $ , cet. 28 years. Weight G4 kg. Hb 92 %, Urine without ABPS. 
Blood prcs.surc: 130/80, 130/80, 130/80. 


Blood sugar in 
capillary 

vein 

jWatcr content in 
total blood . 

plasma 

ICell volume % . . . 
Blood pressure . . . 


Fasting 


minutes after injection 


values 

Fa 

10 

25 

40 

GO 

90 

120 

90 

495 

403 

244 

197 

143 

IIG 

99 

90 

457 

370 

224 

1 88 i 

134 

108 

90 

80.40 

' S2.G2 

82,03 

81.27 

80.86 

80.74 

80.59 

80.26 

90.52 

92.77 

92.35 

91. G2 

91.08 

90.94 

90.84 

90.40 

30.5 

32.5 

34 

34.5 

3G 

37 

30 

3G.5 

130/80 

130/80 120/80 120/ 120/ 12 

0/ 12 

0/ 13i 


150 ISO 


90 

90 

80.34 

90.52 

3G.5 


81 

72 

SO.GG 

90.72 

30.5 


Blood pressure after 3 and after 24 hours: 130/80 

550 cm», Lolmslcin 1,9 o/„ _ 10.J5 g. 

giuc™':' 20 500 c,n», Loh.„lc„. 0.3 % _ 1.5 g. ot 
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K. M., O , ajt. 24 years. Weight 56 kg. Hb. 90 %. Urinc without ABPS 
Blood pressure 110/75, 110/75, 110/75. 



Fasting 

values 



Minutes after 

injection 


===,. 


^2 

10 

25 






180 

iElood sugar in 









1 . ! 


capillary .... 

72 

484 


232 

188 

152 

116 

90 


79 

vein 

72 

448 

365 

214 

175 

134 

99 

81 

72 

63 

Water content in 




1 






total blood . - 

80.29 

81.77 



79.94 


79.89 

79.52 

79.32 

79.22 

plasma 

90.64 

92.09 

I 91.42 

90.92 

90.45 

90.52 

90.32 

90.14 


90.08 

Cell volume % 

39 

35 

35 

36 

37 

37.5 

37.5 

38 

1 1 

40.5 

Blood pressure .... 

110/75 

110/75 105/75 105/ 105/ 110/75 110/ 11 

0/ 110 

i/75 


Blood 

Urine 

glucose. 

Urinc 

glucose. 


pressure after 3 and after 24 hours: 110/75 

immediately after examination; 650 cm“, Lohnstein 1 % =6.5 g. of 
from the subsequent 20 hours: 700 cm®, Lohnstein 0.2 % = 1,4 g. of 


S. r^L, O fct. 26 years. Weight 64 kg. Hb. 107 %. Urinc without ABPS. 
Blood pressure: 110/80, 110/80, 110/80. 



Fasting 

values 



Minutes 

after injection 



^2 

10 

25 

40 

00 

90 

120 

150 

180 

Blood sugar in 











capillary .... 


480 


226 

188 


104 


80 

90 

vein 


442 

272 


170 

127 

99 

82 

72 

84 

Water content in 











total blood . . 


81.73 


79.62 

79.26 


78.95 



79.23 

plasma 


92.00 



89.84 


89.48 

89.56 

89.68 

89.96 

Cell volume % ... . 

40 

37.5 

39 

40 


41 

41 

41 

41.5 

41.5 

Blood pressure .... 

110/80 

105/80 105/ 105/ 105/ 105/ 110/80 110/ 110/80 


Blood pressure after 3 and after 24 hours: 110/80 

Urine immediately after examination: 800 cm®, Lohnstein 0.6 % = 4.8 g. of 
glucose. 

Urine from the subsequent 20 hours; 725 cm®, without sugar. 


For safety’s sake the urine was examined and the hemoglobin 
percentage was determined prior to the experiments. None of the 
girls was menstruated at the time of examination. 

The results derived from the above-descrilied examinations of 
these test persons are recorded in the schemes. 
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F AI. o .Tl. 2.1 years. Weight 59 kg. Hb- 00 «/o. Urine Avilhout ABPS. 
‘ ’ * 1 " ’ Blood pressure 105/70, 105/70, IO 0 //O. 
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[Blood sugor in 
capillary 

vein 

AYatcr content in 
total blood . 

plasma 

ell volume % • • • 
31ood pressure . - . 


Fasting 



Minutes 

; after 

injection 



values 

4 

10 

25 

40 

60 

90 

120 

150 

180 

90 

466 

385 

216 

152 

116 

99 

81 

81 

81 

90 

430 

358 

188 

140 

110 

90 

81 

72 

72 

80.15 

82.01 

81.20 

80.68 

80.73 

80.44 

80.32 

80.05 

79.66 

' 79.96 

90.52 

92.46 

91.67 

91.12 

[91.20 

91.08 

1 90.98 

90.68 

90.26 

90.44 

36 

34 

34.5 

35.5 

36 

35 

36 

37 

37.5 

37.5 

105/70 

115/70 100/70 95/70 100/ 100/ 100/ -100/ 100/70 


Blood pressure after 3 and after 24 hours: 105/70 . • 

Urine immediately after examination: 400 cnx®, Lohnstein 2 % = 8 g. of 
glucose. 

Urine from the subsequent 20 hours: 650 cm®, without sugar. 


K., § , ajt. 25 j'ears. AVeight 64 kg. Hb. 102 %. Urine without ABPS. 
Blood pressure; 125/80, 120/80, 120/80. 



Fasting 



Minutes after injection 




values 

4 

10 

25 

40 

60 

90 

120 

150 

180 

Blood sugar in 
capillary .... 

70 

396 

347 

234 

198 

114 

95 

75 _ 

72 

80 

vein 

70 


310 

216 

161 


79 

75 

72 

75 

Water content in 
total blood . . 

78.94 



79.52 

79.23 

79.12 

78.88 

79.24 

79.39 

79.31 

plasma 

90.61 

92.38 

91.68 







mm 

Cell volume % 

43 



41 

41.5 

41.5 

42.5 

42 

43 

43 

Blood pressure 

120/80 


)/ 12( 

mm 



Blood pressure after 3 and after 24 hours: 120/80 

Urine immediately after examination; 600 cm®, Lohnstein 0.7 % == 4 2 a of 
glucose. 


Urine from the subsequent 20 hours: 500 cm®, Lohnstein 0.2 % == 1 a of 
glucose. . 


Discussion of the conditions in the normal. 

Congestions, which are of common occurrence after intravenous 
injections, were observed in all the cases but they disappeared 
rapidly again. Complications were not observed in any of the test 
persons, but in view of the possibility of such the injections were 
made m the left arm. Nor do Polack and Harpoth report ever 
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P., 0,a2t.31 years. Weight 7G kg. (Height 172 em). Hb. 100 %. Urine without 

A.BPS 


o« 

Blood pressure; 125/80, 125/80, 125/80. 



Fasting 

■ 

B 

B 

Minutes after injection 


2 



B 






■Bl 



31ood sugar in 






^■1 



HH 

■jjjS 

capillary .... 

88 

103 

315 

220 

175 

108 

90 

81 

72 

72 

vein 

92 

370 

281 

197 

1G2 

90 

90 

72 

72 

Cl 

Water content in. 










total blood 

79.91 

80.91 

80.27 

79.9G 

79.10 

79.10 

79.72 

79.89 

80.10 

80.22 

plasma 

90.81 

91.88 

91.25 

91.01 

90.50 

90.05 

90.71 

90.72 

90.80 

90.88 

Cell volume % 

39 

3G..5 

37.5 

37.5 

38 

39 

38 

39.5 

39 

39 

Blood pressure .... 

125/80 

13O;80 120,80 120. 120' 120/ 125 

/80 12 

5/ 125 
1 

/SO 

1 

Hb. % 

100 

81 

81 

89 

93 

95 


1 


Blood })re.ssiire after 3 and after 21 hours: 125 80 

Urine iininediately after examination: (ioO cn\^, I.ohnstein 1.5% = 9 g.of 
glucose. 

Urine from the subsequent 20 liours; GOO em’, witliout sugar. 


•J., o. ret. 31 years. Weiglit .50 kg. Hb. 100 %. Urine without .-VBPS. 
Blood [iressure: 120 75, 120/75. 115/75. 



Fasting 

.Minutes after injection 


values 

1 

10 

25 

10 

00 

90 

120 

150 

180 

Blood sugar in 











capillary .... 

90 

593 

113 

331 

225 

115 

125 

102 

90 

00 


90 

190 

115 

305 

193 

127 

lOG 

90 

91 

80 

Water content in 


total blood 

79.72 

81.31 

80.31; 

80.10 

79.17 

79.08 

79.32 

79.31 

79.00 

79.98 

plasma 

90.57 

92.10 

91.19 

90.81 

90.23 

90.01 

90.25 

90.10 

00.02 

90.01 

Cell volume % .... 

11 

39 

10 

39.5 

13 

13 

11.5 

l-I 

11 

44 

Blood pressure .... 

115/75 

125 

7.5 105 

75 no 

75 110; no; 115/75 115/ 115/75 

Hi). % 

100 

SO 1 

89 1 

89 

98 

98 



1 

1 


Blood j)ressure after 3 and after 21 hours: 115,75 

Urine immediately after examination: 150 cm’, Lohnstein 2.1 % = 10.8 g.of 
glucose. 

Urine from the subsequent 20 hours; 500 cm’, without sugar. 

having met ivilh complications, but apart from discomforts after 
paravenous injection, they are liy Tunbridge and Allibone reported 
to occur sometimes in the form of headache, cold shiver, rise of 
temperature and, in isolated cases, of aseptic phlebitis. However, 
such complications seem to occur only in cases, where preparations 
are used which are not quite pure. 
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The experimental material • consisting of young women m a 
medium state of nutrition, the injected quantity of glucose ^ylll on 
the whole correspond to a fairly uniform dosage. Dosage accord- 
ing to weight was not used, because it usually is not employed m 


osmotherapy. , , , . • r 

Since there are but few reports of repeated determinations of 

the sugar content of capillary and venous blood after intrvenous 
injection of glucose, the conditions of the blood sugar will be 
described a little more in detail. 

As regards the initial increase of blood sugar it is not so con- 
siderable as might be anticipated after the quantity injected, but 
it concords with the fact demonstrated by Jorgensen and others 
that there is no proportionality between the quantity of glucose 
injected and the increase of blood sugar obtained. As was emphas- 
ized for example by Pavy, tlie rate of injection is of importance for 
the absolute increase of the percentage of blood sugar. Investiga- 
tions by Jorgensen and Plum have shown that the maximal value 
is reached immediately after the injection, and that it is followed at 
once by a sharp and continuous incline of tlie curve. 

The very rapid disappearance of the sugar from the blood, 
which according to Jorgensen begins already during the injection, 
is assumed to be due primarily to a purely physical distribution 
of the sugar between blood and tissue fluid in connection ’with 
deposition and combustion of the glucose. Bergmark, Bernstein and 
Falta after intravenous glucose injection found an increase of the 
respiratory quotient; however, in perfect rest the organism cannot 
be assumed to consume the relatively great quantities of glucose 
just as rapidly as they are removed from the blood, particularly as 
the glucose has been introduced into the organism outside of the 
liver, which is the chief seat of the carbohydrate metabolism. 
Norn’s investigations in metabolism show, moreover, that the 
major quantity of perorally administered glucose is deposited in 
the course of the first couple of hours, only a fraction being con- 
sumed. 


This removal of glucose from the blood takes place so rapidlv, 
however, that the rise and shape of tlie blood sugar curve after the 
liberal dose here employed does not differ essentially from that of 
tlie normal glucose cuiwe after introduction of much less glucose. 
Thus Jorgensen after intravenous injection of 20 g. of glucose 
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with a rate of injection of from 3 -to 4 minutes found an increase 
of up to 400 mg. % and return to fasting values in the course of 90 
minutes. That corresponds to what K. M. Hansen found, namely, 
that the organism with increasing blood sugar concentration seems 
to acquire an increasing power of removing the sugar from the 
blood. The variations in the initial increase, which was observed 
in the present work, besides to minor fluctuations in the injection 
time may be attributed to several factors, for example the different 
magnitude of the quantity of blood and, probably, also the differ- 
ent repletion of the carbohydrate depots of the organism, which 
according to Stenstrdm’s investigations is at any rate of importance 
in case of peroral application of glucose. 

Hagedorn is the first wdio demonstrated that, whereas the same 
glucose concentration in capillary and venous blood was found dur- 
ing fasting, the capillary blood of the normal after administration 
of carbohydrate has a higher glucose level than has venous blood. 
This is particulai'ly pronounced in case of high blood sugar level, 
being the expression of greater absorption of sugar in the tissues. 
Rosenow examined the difference of the blood sugar level between 
arterial and venous blood after intravenous injection of 20 cm® of a 
50 % glucose solution, and averagely found a difference of from 
26 to 36 mg. % as well as a parallelism between the arterial and ven- 
ous sugar curves, which he regards as an expression of the rapid 
compensation between blood and tissues. 

This difference between capillary and venous blood sugar was 
also detected in the present investigations, and it amounted to 35 
mg. % on an average, in isolated cases up to 49 mg. %, immediately 
after the injection. During the decrease of the blood sugar the two 
curves become more uniform, the difference finally lying within the 
limits of error, but it is evident that, at any rate in the higher con- 
centrations of the blood sugar, a considerable and rapid elimination 
of sugar from the blood takes place during the perfusion through the 
tissues. 

As a termination of the blood sugar decrease is frequently ob- 
served — as was also reported by numerous authors — a post-hyper- 
glycemic hypoglycemia which is explained by an excessive insulin 
production, and one of the reasons why the examinations were car- 
ried on for 3 hours was my desire to detect eventual fluctuations in 
the water content of the blood during that phase. 
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\vith a rate of injection of from 3 -to 4 minutes found an increase 
of up to 400 mg. % and return to fasting values in the course of 90 
minutes. That corresponds to what K. M. Hansen found, namely, 
that the organism -with increasing blood sugar concentration seems 
to acquire an increasing power of removing the sugar from the 
blood. The variations in the initial increase, which was observed 
in the present work, besides to minor fluctuations in the injection 
time may be attributed to several factors, for example the different 
magnitude of the quantity of blood and, probably, also the differ- 
ent repletion of the. carbohydrate depots of the organism, which 
according to Stenstrom’s investigations is at any rate of importance 
tn case of peroral application of glucose. 

Hagedorn is the first who demonstrated that, whereas tlie same 
glucose concentration in capillary and venous blood was found dur- 
ing fasting, the capillary blood of the normal after administration 
of carbohydrate has a higher glucose level than has venous blood. 
This is particularly pronounced in case of high blood sugar level, 
being the expression of greater absorption of sugar in the tissues. 
Rosenow examined the difference of the blood sugar level between 
arterial and venous blood after intravenous injection of 20 cm® of a 
50 % glucose solution, and averagely found a difference of from 
26 to 36 mg. % as well as a parallelism between the arterial and ven- 
ous sugar curves, which he regards as an expression of the rapid 
compensation between blood and tissues. 

This difference between capillary and venous blood sugar was 
also detected in the present investigations, and it amounted to 35 
mg. % on an average, in isolated cases up to 49 mg. %, immediately 
after the injection. During the decrease of the blood sugar the two 
curves become more uniform, the difference finally lying within the 
limits of error, but it is evident that, at any rate in the higher con- 
centrations of the blood sugar, a considerable and rapid elimination 
of sugar from the blood takes place during the perfusion through the 
tissues. 

As a termination of the blood sugar decrease is frequently ob- 
served — as was also reported by numerous authors — a post-hyper- 
glycemic hypoglycemia which is explained by an excessive insulin 
production, and one of the reasons why the examinations were car- 
ried on for 3 hours was mj’' desire to detect eventual fluctuations in 
the water content of the blood during that phase. 
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about 1 per cent aboAe the fasting values. The reason why this 
great dose of glucose apparently does not give rise to any distinct 
hydremia exceeding that which can be explained by the injected 
water, probably and above all is the compensation of sugar betAveen 
blood and tissue taking place so rapidly that the osmotic effect only 
becomes very brief. IMoreover, the increased Avater content of the 
blood probably is excreted rapidly through the kidneys by the 
increased diuresis, just as part of it during the deposition of the 
glucose is bound to the tissues. Pfeiffer reports for example that 
intravenous injection of glucose gives rise to temporary fixation of 
Avater in the liver. It is a AA-ellknoAAm fact that there is a close rela- 
tionship betAA-een carbohydrate metabolism and Avater metabolism, 
and it is possible that the increased excretion of insulin due to the 
glucose injection is of importance. Thus Winter demonstrated a 
decrease of the AA-atcr content of the blood after subcutaneous injec- 
tion of insulin. 

The minor increase in the water content of the blood observ^ed 
in some cases in subsequently draAA'n samples is, perhaps, due to 
liberation of this AA'ater during the gradual combustion of the glu- 
cose. In some cases the blood concentration at the termination of 
the experiment, i, e. during the hjqroglyccmic phase, seems also to 
be someAA'hat higher than the fasting A'alues, and that may be due to 
slight dehydration of the blood on account of the increased diure- 
sis. These fluctuations are, hoAA-ever, too small to permit of infer- 
ring anything from them. 

It is possible that the glucose under pathological conditions 
such as for example edematous conditions, when the passage 
through the capillary wall is, perhaps, difficult, may give rise to 
absorjrtion of AA'ater in the blood, but under normal conditions such 
an absorption apparently does not take place in a detectable degree. 

Together A\'ith the increase in the water content of the blood, 
the cell A'olurae per cent of the blood decreased, although but 
little, i. e. about 3 volume per cent on an average, and the hemato- 
crit number fairly rapidly returned to the initial A’alues. According 
to Enghoff ’s investigations the addition of heparin is without import- 
ance for the determination of the cell A'olume per cent of the blood. 

The blood pressure shovred but slight fluctuations. In the ma- 
jority of cases a minor decrease (from 5 to 10 mm.) of the systolic 
blood pressure was noted immediately after the injection. In some 
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Examinations of Hypertonics. 

The hypertension material consists of 8 patients -with essential 
or secondary hypertension of different gravity. These patients 
were submitted to examinations of blood pressure repeated at days’ 
intervals, and electrocardiography as well as different examinations 

Casebook No. 1277/42, L., jct. 21 years. Essential juvenile arterial hyper- 
tension. Weight 66 kg.Hb.113 %. Metabolism 92 %. Urine without ABPS 
Microscopy negative. Urography normal. Maximal clearance 78. 

Blood pressure; 170/110, 170/110, 170/110. 



Fasting 

values 



Minutes 

after injection 

~ • 



>72 

10 

25 

40 

60 

90 

120 

150 

180 

lood sugar in 
capillary .... 

90 

546 

473 

348 

266 

179 

143 

107 


72 

vein 

90 

502 

441 

321 

236 


125 

90 

81 

72 

7ater content in 
total blood . . 

77.34 

79.00 

H| 

... 

77.71 

77.68 

77.29 

77.07 



plasma 

89.73 

91.50 





89.96 

89.88 


89.70 

.ell volume % 

49 

44.5 

45.5 

46 

47 

48.5 

48 

47.5 

47 

49.5 

Hood pressure .... 

170/110 

160/110 140/100 140/ 140/ 140/ 140/ 140/ 140/100 


Blood pressure after 3 and after 24 hours; 170/1 10 

Urine immediately after examination; 300 cm®, Lohnstein 3,% = 9 g. of 
glucose. 

Urine from the subsequent 20 hours; 850 cm®, without sugar. 

Casebook No. 1340/42, S., $, ret. 58 years. Essential arterial hypertension, 
chronic progressive primary polyarthritis. W’^eight 73 kg. Hb. 96 %. Urine 
without ABPS. Microscopy negative. Strauss’ test; Diuresis 2200 cm®, specific 
gravity 1.001/1.028. Blood pressure: 205/115,205/115,205/115. 



Fasting 



Minutes 

after 

injection 

■1 

S 


values 

4 

10 

25 

40 

60 

90 




Blood sugar in 
capillary .... 

90 

467 

428 

339 

284 

244 

188 

143 

125 

101 

vein 

90 

439 


315 

254 

233 

176 



90 

Water content in 










M 

total blood • • 

80.31 

81.85 





mm 



plasma 

90.05 

91.53 







91.12 

EH 

Cell volume % 

35.5 

32 

33.5 

34.5 

34 

34 

35 

34 

34 

34.5 

B’ocd prer.Fure .... 

205/115 

190/110 180/110 18(] 



Blood pressure after 3 hours; 185/110 
Blood pressure after 24 hours: 205/115 

Urine immediately after examination: 950 cm®, Lohnstein 1 % = 9-5 g-Of 
glucose. 

Urine from the subsequent 20 hours: 450 cm®, without sugar. 
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Casebook No. 1264/42. J., (J, kI. 36 years. Arterial hypertension, chronic 
nephritis, syphilis, anemia. Weight 82 kg. Mb. 69 %. Urine: + albumin, 
+ blood, no sugar, no pus. I^Iicroscopy: + + erythrocytes, + cylinders. Strauss 
test- Diuresis 2100 cm®, specific gravity 1.002/1.024. iMaximal clearance *.0. 



Fasting 



Minutes 

after injection 


■1 


values 


10 

25 

40 

60 

90 

120 

150 


Blood sug.nr in 











c.Tpillary • • • • 

90 

451 


266 

209 

1.53 

125 

72 

vein 

90 

121 

276 

240 

198 

143 


88 

5*1 


Water content in 











total blood . . 

82.06 

83.96 

82.76 

82.28 

82.16 


82.21 

81.95 



plasma 

89.88 

91.84 

90,56 

90.26 

90.09 

90.11 

90.23 

89.80 

90.00 

90.04 

Cell volume % 

28.0 

25.5 

26 

27.5 

27 

28 

27 

27.5 

27.5 

28 

Blood pressure 

190/120 

200/120 180/110 180/ ISO/ ISO/ 190/120 190/. 190/120 


* Blood pressure after 3 and after 24 hours: 190/120 

Urine immediately after examination: .600 cm®, Lohiistcin 0.6 % 
glucose. 

Urine from the subsequent 20 hours; 500 cm®, Nvilhout sugar. 


3 g. of 


Casebook No. 1396/42. iM., § , tot. 71 ye.ars. Arterial hypertension, nephro- 
sclerosis. Weight 67 kg. HI). 120%. Urine: -f albumin, no blood, sugr.r or 
pus. iMicroscopv negative. Strauss’ test: Diuresis 1250 cm®, specific gravity 

1.001/1.015. 

Blood pre.ssurc: 190/110, 190/110. 190/110. 



Fasting 

values 



Minutes after 

iujcclion 


■■ 

14 

rZ 

10 

25 

40 

60 

90 

120 

150 

ISO 

Blood sugar iu 











capillary 

90 

488 

410 

263 

226 

199 

1.50 

118 ' 

89 

68 

vein 

90 

448 

379 

238 

216 

182 

1.37 

100 

89 

68 

Water content in 











total blood . . 

74.43 

76,00 

.7.5,86 

75.05 

71.95 

74.87 

74.75 

74,72 

74.31 

74.02 

plasma 

90.48 

91.98 

91.79 

91.12 

90.86 

90.71 

90.65 

90.50 

90,42 

90.25 

Cell volume % 

56.5 

51 

51 

52.5 

53.5 

54.5 

55 

55.5 

56 

56 

Blood pressure . . 

190/110 

195/1 

10 160/105 160/ 170/105 170/ ISO 

/1 05 IS 

0 185 

/no 


Blood pressure after 3 and after 21 hour.s: 190/1 10 

Urine immediately after examination: 130 cm®, Lohnstcin 2.4 = 3 l‘> u of 

glucose. ■ • - h- 


Urine from the subsequent 20 hours: 250 cm®, without sugar. 

with regard to kidney disea.se, namely, clieniical and niicro.scopical 
examinations of the urine, delerniinalion of urea, Strauss’ kidney 
function test and, eventually, urea clearance test. jMorcoi'er, ojih- 
tlialmoscopical (specialist) and neurological examinations were per- 
formed in all the cases, besides, in a couple of cases, determina- 
tions of metabolism in order to be able to diagnose essential hyper- 
22 — Ada mcd. scandinav. Vol. CXIV. 
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Casebook No. 1920/42. A, set. 37 years. Arterial hypertension, l,vncr- 
thyroidism. Weight 09 kg. Hb. Ill %. iMetabolism 146—143 o/. Urine 
without ABPS. Microscopy negative. Standard clearance 52. 

TJlrtrtz-l •irtrtMrvf?' ^ e\ r\ mf 



Fasting 



Minutes after injection 





4 

10 

25 

40 

CO 

90 

120 

150 

180~| 

Hood sugar in 
capillary .... 

70 

421 

297 

256 

220 

198 

169 

134 

98 

90 

vein 

70 

385 

276 

236 

210 

179 

151 

125 

102 

90 

Water content in 

total blood . . 

77.53 

79.11 

78.72 

78.32 

78.02 

77.99 

77.75 

77.33 

77.67 

78.19 

plasma 

91.06 

92.51 

92.02 

91.75 

01.29 

91.28 

91.15 

90.84 

91.03 

91.34 

Cell volume % ... . 

49 

44 

45 

46 

16.5 

47 

46 

46 

47 

48 

.Hood pressure .... 

190/105 

190/105 165/05 165/ 170/100 170/ 180/105 185 

im 18 

5/105 1 


Blood pressure after 3 liours; 185/105 
Blood pressure after 24 hours: 190/105 

Urine immediately after c.Kamination: 280 cm®, Lohnslein 0.9 % = 2.52 g. 
of glucose. 

Urine from the subsequent 20 hours: 825 cm®, without sugar. 


Casebook No. 1518/42. C., a;t. 55 years. Arterial hypertension, myxedema. 
Weight 81.5 kg.Hb. 93 %. Urine without ABPS. Microscopy negative. Meta- 
bolism 82 — 73%. Strauss’ test: Diuresis 2600 cm®, specific gravity 1.001/1.020. 
Blood pressure: 190/120, 190/120, 190/120 



Fasting 

values 




.Minutes after 

injection 




4 

10 

25 

40 

60 

90 

120 

150 

180 

Blood sugar in 












capillary .... 

72 

448 

403 

32( 

264 

225 

188 

161 

125 

90 


vein 

72 

429 

380 

291 

245 

215 

179 

148 


90 


Water content lu 












total blood . . 

79.76 

81.28 

80.66 


80.26 

79.95 


79.69 

79.51 

79.GG 


plasma ...... 

88.20 

89.72 

89.12 

88.81 

88.50 

88.31 

88.18 

88.15 


88.25 


Cell volume % ... . 

36 

32 

33 

33.5 

34 

34 

35 

35 

35 

35 


31ood pressure .... 

190/120 

185/120 170/110 165/110 165/ 165/ 165/. 165/ 165/liO 


Hb. % 

93 

84 

84 

85 

89 








Blood pressure after 3 hours: 165/110 
Blood pressure after 24 hours: 190/120 

Urine immediately after examination: 320 cm®, Lohnstcin 0.5 % = 1.6 g. of 
glucose. 

Urine from the subsequent 20 hours: 1000 cm®, without sugar. 


tension with the greatest possible certainty. In none of these 
patients was the hypertonic condition complicated by pronounced 
adipositas, diabetes mellitus, glycosuria, incompensated cardiac 
insufficiency or manifest edema. 
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Casebook No. 1375/42. H., $, ffiL 70 years. Arterial hypertension, arterio- 
sclerosis, bronchitis. AYeight 81 kg. Hb. 95 %. Urine without ABPS. Micro- 
<rcopy nctfativc. Strauss’ test: Diuresis 1500 cm®, specific gravity 1.001/1.030. 
Blood pressure: 190/100, 190/100, 190/100 (pronounced peripheral arlerio- 

sclerosisl. 



Fasting 




Minutes after 

injection 




values 

4 

10 

25 







Blood sugar in 
capillary 

80 

439 

390 

309 

276 

236 

188 

143 

■ 

107 

90 

vein 

80 

420 

361 

297 

256 

217 

179 

143 

107 

85 

Water content in • 
total blood . . 

80.21 

82.24 

81.77 

81.20 

80.66 

80.80 

80.26 

80.32 

79.90 

79.92 

plasma 

89.75 

91.72 

91.50 

90.88 

90.30 

90.45 

89.90 

89.97 

89.63 

89.72 

Cell volume % 

38.0 

35 

35 

37 

38 

36.5 

, 39 

38.5 

38.5 

39 

Blood pressure .... 

190/100 

180/100 180/ 185/100 185/ 190/100 190/ '190/ 190/100 


Blood pressure after 3 and after 2-1 hours: 190/100 

Urine immediately after e.xamination: 250 cm®, Lohnstcin 1 % = 2.5 g. of 
glucose. 

Urine from the subsequent 20 hours: 500 cm®, Lohnstcin 0.2 % = 1 g. of 
glucose. 


Casebook No. 1005/42. A., oat. 53 years. Arterial hypertension, arterioscle- 
rosis, myocardial dcgencraliou. Weight 63 kg. Hb. 99 %. Urine without 
ABPS. Microscops'’ negative. Strauss’ test: Diuresis 1300 cm®, specific gravitj’’ 
1.001/1.028. Blood pressure: 185/130, 185/130,185/130. (pronounced peripher- 
al as well as retinal arteriosclerosis). 



Fasting 

values 



Minutes 

after injection. 



¥2 

10 

25 

40 

60 

90 

120 

150 

180 

Blood sugar in 











capillary 

90 

475 

403 

298 

251 

225 

197 

161 

125 

90 

vein 

90 

457 

375 

• 274 

235 

21G 

179 

160 

115 

81 

Water content in 











total blood . . 

79.49 

81.72 

80.43 

79.85 

79.45 

79.12 

79.36 

79.34 

78.89 

79.10 

plasma 

90.53 

92.61 

91.42 

90.89 

90.62 

90.30 

90.57 

90.63 

90.24 

90.32 

Cell volume % ... . 

42 

37.5 

38 

41 

42 

44 

43 

42 

42.5 

42 

Blood pressure .... 

185/130 

190/130 185/130 185/ 18: 

)/ 18. 

3/ IS. 

5/ 18 

5/ 185 

/1 30 

Hb. % 

99 

90 

95 

96 

96 

96 






Blood pressure after 3 and after 24 hours: 185/130 

Urine immediately after examination: 375 cm®, Lohnstcin 1.5 % = 5.G g. of 
glucose. ° 


Urine from the subsequent 20 hours: 110 cm®, without sugar. 


Moreover, all the patients had been confined to bed for 8 days 
before the experiments were carried out, Strauss’ test being per- 
formed subsequent to them in order to prevent a possible error in 
the quantity of water administered. 
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The examinations of the 8 patients thus revealed the following 
forms of h^Tjertonia: 


Essential hj^pertension 2 casi 

HjTpertension + kidney disease 2 b 

Hypertension 4- metabolic disturbance 2 » 

Hypertension -r arteriosclerosis 2 » 


Discussion of the Conditions in Hypertonics. 

From the results of the experiments it is evident that the con- 
ditions, particularly the fluctuations in the water content of the 
blood, of these hypertonics do not differ essentially from those of 
the normal. Nor did these examinations apart from the congestions 
disclose any discomforts or complications in connection Awth 
the injections. On the other band the patients did not feel better 
after them. 

Supposing the limit to bo 110 mg. %, the fasting blood sugar was 
found to be normal and identical in capillary and venous blood. 
By way of comparison it may be mentioned that Brems finds norm- 
al fasting blood sugar in hypertonics without manifest kidney 
disease, whereas Hetenyi reports to have found hjT^ergtycemia in 
nearly all forms of hypertension. K 5 din reports that there is a 
distinct tendency to hyperglycemic fasting values in essential 
hypertension, and Doric and Frank find higher fasting values in 
venous than in capillary blood of hypertonics. As regards the in- 
crease of the blood sugar subsequent to the injection, it does not 
differ from corresponding findings in the normal. On the other 
hand, the shape of the blood sugar curve in 5 of the cases (No. 1340, 
1920, 1518, 1375, 1005) showed a tendency to that decline in 2 
times, which according to Jorgensen is characteristic for diabetes. 
After the first bold decline the sugar curv^e becomes flatter, the 
fasting values being readied somewdiat later. Besides one patient 
with essential hypertension there are two with hypertension -f 
metabolic disturbance, and tw'o patients wdth hypertension -f 
arteriosclerosis. Besides endocrine disturbances, the magnitude 
of the blood volume, the degree of repletion of the carbohydrate- 
depots etc. certainly assert themselves here, too, whence the shape 
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Of the curve scarcely can he put into primary relation nith the 

hypertonic condition. , . 

Previous investigations in the carbohydrate metabolism in hy- 
pertonics have disclosed somewhat different conditions. Thus 
Brems after peroral administration of glucose to patients suffering 
from hypertension vdthout kidney disease found a normal blood 
sugar curve, whereas the alimentary blood sugar curve of patients 
with hypertension + kidney disease revealed a tendency to protract- 
ed hyperglycemia. In contradistinction to this Schweers in patients 
with essential hypertonia found diabetic curves after peroral admin- 
istration of glucose, and Jansen likewse reports having observed a 
diabetic course of curve in case of nephrosclerosis and vascular 
hypertonia, but normal conditions in case of chronic nephritis. It 
may further be mentioned that glycosuria according to Kylin’s 
investigations occurs in 20 per cent of hypertonics, as an expression 
of a disturbance of the carbohydrate metabolism. 

With regard to the difference betw'een capillary and venous 
blood the conditions w'ere found to correspond to those in tlie norm- 
al, i. e. a great difference in the high values. In those cases where 
the decline of the curve is protracted, it may be concluded that the 
sugar compensation must take place more slowly, the mean 
error, however, is so great that the proportion does not manifest 
itself by the blood sugar determination. In these cases no 
liypogb’cemic after-fluctuation rvas obtained within the experi- 
mental time. 

As to the urine, glycosuria subsequent to the injection was de- 
tected in all these patients just as in the normal, and contrary’’ to 
Polack and Harpoth’s findings, these authors reporting that they 
did not find glycosuria in any one of the hj'pcrtonics who were treat- 
ed vdth glucose in similar doses. The sugar content of the urine 
discharged immediately after the experiment amounted to from 
1.6 to 9.3 g. i. e. from 3.2 to 19 per cent of tlie injected quantity. 
In 1 case (No. 1375), moreover, the sugar content of the urine 
discharged during the subsequent 20 hours amounted to I g. 

The water content of the blood despite the different pathogen- 
esis of the hypertension was found to be fairly the same in all 
these patients. Just as in the normal, a temporary increase of 2 
per cent of the water content of total blood was found immediately 
alter the injection, the water percentage subsequently returning 
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rapidly to the initial values, eventually to a little loAver values. 

The -water content of the plasma presented corresponding fluctua- 
tions. Concerning the fluctuations in the percentage of cell volume 
and hemoglobin the author refers to the preceding account. 

The uniform reaction of the different forms of hypertonia to 
injections of large doses of glucose manifests itself also by the 
conditions of the blood pressure, a decrease of the sj^stolic blood 
pressure being found, rvhich averagely v»'as much more pronoun- 
ced than in the normal. In 2 cases a temporar}'- minor increase (up 
to 10 mm.) was found immediately after the injection, and such an 
increase was also obsen^ed by hlartinctti after similar dosage and 
time of injection, and by- Hess, Burger and Hagemann after 
minor doses. 

In 4 of the patients the decrease commenced in the course of 
a few minutes after the injection, whereas, in 3 cases, it did not 
commence' before 10 — 15 minutes had elapsed. In 5 of the patients 
the decrease of the blood pressure was fairly pronounced (25—35 
mm.), whereas, in 2 cases, it was slight (5 — 10 mm.) and, in 1 case 
(Itypertension -r arteriosclerosis), no decrease of the blood pressure 
was found. The fluctuations of the diastolic pressure were but 
slight (5 — 10 mm.). By continual measurings it was detected that 
the return of tlic blood pressure to the initial values. in most cases 
was accomplished within the 3 experimental hours, and in the fe^Y 
cases where this did not happen, the initial values were reached 
almost always 3 hours after the termination of the experiment. 
An ulterior effect of the glucose was not detected, the blood pres- 
sure thus always being unchanged 24 hours later. 

For the sake of comparison vath these findings I shall briefly 
record the result of Polack and Harpoth’s work. These autliors like- 
-nise found a decrease in the systolic blood pressure after injection 
of 100 cm^ of a 50 % glucose solution in the course of 1 — 2 minutes. 
In 15 of the 20 patients examined it occurred rapidty, whereas, in 
the remaining 5, it did not occur till 10 — 20 minutes had elapsed. 
In 17 of the patients the decrease of the blood pressure was fairly- 
pronounced (about 30 — 40 mm.), in 3 cases, however, being but 
sbght (5 — 10 mm.). Here, too, the action on the blood pressure 
seemed to be fairly independent of the hypertension being essen- 
tial or secondary, and it general^ persisted throughout the entire 
observation time (up to 100 minutes). A distinct relation between 
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the obtained decrease of blood pressure and the initial values was 
not detected, even though a tendency towards a more pronounced 
decrease might be perceptible in cases vdth higher initial values. 

The reaction to intravenous glucose injection apparently being 
fairly uniform in normal and hypertonic individuals, it may be as- 
sumed that the cause of the decrease of blood pressure is the same, 
too, but that the decrease merety is greatest in indmduals present- 
ing higher initial values. 

An explanation of the increase of the blood pressure immedia- 
tely after the injection is not knovm but, possibly, it is of psychic, 
i. e. nervous, origin. On the other hand, many theories have been 
set forth vith regard to the origin of the decrease of the blood 
pressure, the conditions are not quite cleared up, however. Harris 
and Me Loughlin in hypertension of different genesis found an in- 
crease of the viscosity, and some authors declare that the decrease 
of blood pressure must be ascribed to a decrease of this viscosity, 
whereas others opine that it is due to changes in the secretion of 
cerebrospinal fluid. 

The present work has shorvn, however, that changes in the 
water content of the blood and, hence, in the viscosity of the blood 
cannot be of any importance for the decrease of the blood pressure. 
Nor was that to be anticipated, since the viscosity of the blood 
according to recent investigations scarcely has much importance for 
the blood pressure; thus Ask-Upmark has pointed out that hyper- 
tension fails to appear in case of phosgene poisoning wdiich is attend- 
ed by a pronounced increase of viscosity. 

Among the works treating of this decrease of the blood pressure 
may be mentioned investigations by Wollheim and Brandt who, 
after intravenous injection of 10 cin^ of distilled water, demon- 
strated a decrease of the quantity of circulating blood and, by 
counting the erythrocytes and determining the hemoglobin per- 
centage, found hydremia persisting for from 1 to 2 hours. The normal 
blood pressure was found to be unchanged, whereas the hyper- 
tension decreased, and from these findings they infer that the 
decrease of the blood pressure after intravenous injection of glu- 
cose IS dm to the injected water, and not to the sugar which is said 
to have no osmotic effect. 

Several other investigations indicate, however, tliat the pre- 
sence of glucose is of no little importance for the fluctuations of the 
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blood pressure, since the glucose exerts a dilating action on the 
vessels. .Thus Handovsky and Meyer under the action of glucose 
found dilatation of isolated vessels, while Meyer and Weil have 
seen a salutary effect of glucose injection in intermittent claudi- 
cation and other angiospastic conditions, which according to Weil 
and Meszaros are attended by dilatation of the capillaries. A 
reduction of the minute volume of the heart might be thought to 
bring about a temporary decrease of the blood pressure, but such a 
reduction scarcely does happen. On the contrary, Hildebrandt and 
Kisch have experimentally demonstrated a pronounced increase 
of the minute volume, which is explained by an increase of the quan- 
tity of blood as well as by a stimulation of the heart function cor- 
responding to the coronary perfusion greatly increased after 
intravenous injection of glucose, which was demonstrated experi- 
mentally also by Stoland and Ginsberg. As a consequence of the 
effect of the glucose oh the minute volume and vessels experiments 
have likewise disclosed an increase in the perfusion of the kidneys 
which, as was mentioned, may possibly be of importance for the 
diuretic effect. 

That the decrease of the blood pressure must be assumed to be 
essentially due to vascular dilatation, is supported by the fact de- 
monstrated by Weil, Meyer, Opitz, and Raegner that, in hyper-. 
tension attended by arteriosclerosis, it is very slight and eventually 
fails to occur. This was also observed in the present work. 

Besides the glucose directly giving rise to vascular dilatation, 
other factors certainly must also play a part. Thus it may be men- 
tioned that Meyer and Handovsky found changes of the plasma 
colloids and particularly of the structure of the cholesterin, which 
is presumed to cause a change of tonus of the vessels, eventually via 
the sympathetic nervous system. Moreover, the fluctuations of 
the blood sugar probably are of importance for the decrease of the 
blood pressure. Thus Brems and Holten in normal and diabetic 
individuals, who had received . insulin, found an increase of the 
systolic blood pressure (20—30 mm.), if there appeared hypoglyce- 
mic symptoms, but not when such symptoms failed to appear. 
This increase of blood pressure disappeared after injection of 
glucose. It is assumed that the increase of the blood pressure is due 
to increased adrenalin excretion from the adrenals on account of the 
insulin giving rise to central irritation. This irritation probably, 
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or at any rate partially, is due to the blood sugar. Of importance for 
the blood sugar regulation partially is the internal secretion of the 
pancreas, the influence of other endocrine organs, particularly the 
tliyroid gland and the chromaffin system, the action of both these 
being opposed to that of the pancreas, partially the nervous system, 
and here particularly the sympathetic nervous system. The normal 
blood sugar regulation seems to be due to changes in the blood 
sugar concentration affecting one or several of these factors. Pos- 
sibly the observed decrease of blood pressure is in part due to the 
injected glucose affecting the balance between the antagonistic 
hormones adrenalin and insulin so that the increase of insulin 
excretion from the pancreas coincides v,dth an inhibition of the 
adrenalin excretion from the adrenals. That the induced decrease 
of blood pressure at any rate in part must, be attributed to the 
hormones is also supported by the fact that the fluctuations of 
blood pressure do not coincide with the fluctuations of blood 
sugar but lag somewhat after these, corresponding to a change in the 
hormone balance of the blood which regulates itself only after a 
certain lapse of time. 

According to recent hypertension theories, however, the adren- 
alin does not play so important a part for the maintenance of the 
blood pressure as was hitherto assumed. Therefore it is tempting 
to parallel the decrease of blood pressure with these theories. When 
renin forms in the ischemic kidneys, it might be thought that, 
inversely, the induced strong blood perfusion of the kidneys en- 
tails a temporary decrease .of the formation of renin. 

^Vhereas it is probable that the slight decrease of blood .pressure 
in the normal predominantly is due to a direct action of the glucose 
on the vessels, eventually concurring with a temporarily decreased 
adrenalin balance in the blood, it is possible that other causes also 
are of importance for the decrease of blood pressure in hyper- 
tonics. 


Conclusion. 


The result of these experiments with intravenous injections of 
100 cm of a 50 % glucose solution applied to hypertonics thus is 
that the fluctuations in the sugar and water content of the blood 
— regardless of the kind of hypertension — does not differ essenti- 
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ally from those observed in the normal, and that the decrease of 

the blood pressure cannot he assumed to be due to an osmotic 
action. 


Summary. 

Previous examinations of animals as well as of human beings 
who had received intravenous injections of hypertonic glucose 
solutions generally disclosed more or less pronounced transitory 
hydremia. However, this increase of the aqueous content of tlie 
blood is always determined indirectly and, frequently, on a material 
of patients in whom a spontaneous dilution of the blood is not quite 
excluded. The hypertonic glucose solution is frequently employed 
in the so-called osmotic therapy the theoretical base of which is the 
hygroscopic action of the hypertonic solution and the hydremia 
produced thereby. 

The scope of the present work particularly was to find out, by 
direct determination of the aqueous content of the blood, in how 
high a degree absorption of fluid in the vascular system takes place 
in the normal after intravenous injection of hypertonic glucose 
solution, and a corresponding examination of the conditions of 
hypertension, one of the pathological conditions on which the osmo- 
tic therapy is reported to be of salutary effect. Further, both the 
proportions of blood sugar and blood pressure were examined after 
such an injection. 

In all the cases was used injection of 100 cm^ of sol. glukosi Leo 
50 % in the course of 2 — 3 minutes. In none of the cases did any 
complications occur in sequel to the injections. The blood sugar 
fluctuations were determined at the same time both in capillary and 
venous blood with Hagedorn and Norman Jensen’s method. The 
examinations of the aqueous content of the blood were performed 
a. m. Schwensen the principle of which is weighing of the blood prior 
and subsequent to drying in a vacuum exsiccator. Moreover, the 
cell volume percentage of the blood was determined with van 
Allen’s hematocrit, and the blood pressure was measured vith a 
mercury manometer and the English-American standard technic. 
The discharge of sugar in the urine was examined with Almen’s 
solution and Lohnstein’s saccharometer. All the determinations 
were duplicate determinations, and the mean error was calculated. 
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Tlie examinations were carried out on fasting test persons both 
before and immediately after the glucose injections, and then 10, 
25 40 60, 90, 120, 150, and 180 minutes later. The blood pressure 
was moreover controlled 3 and 24 hours after the termination of 
the experiment. The diuresis during the following 20 hours 
was measured, and the discharge of sugar was determined. In 
isolated cases the hemoglobin per cent was likewise determined in 
capillary blood (Zeiss hemometer) during the first hour after the 
injection. 

The material of normal persons consisted of 8 apprentice hos- 
pital nurses aged 23—31 years. The blood sugar show^ed an initial 
increase up to 400 — 500 mg. % and a subsequent decrease to the 
fasting values in the course of 90 minutes. The glucose level was 
found to be higher in capillary than in venous blood, being most 
pronounced in the high blood sugar concentration, wdierethe differ- 
ence amounted to up to 49 mg. %, as an expression of considerable 
and rapid purification of the blood from sugar in tlie tissues. 
In all the cases glucosuria was observed immediately after the 
experiments, and tlie discharge of sugar amounted to from 4.2 
to 10.8 g. In isolated cases there w'as an additional discharge of 
very little sugar (1—1 .5 g.) during the next 20 hours. In several cases 
increased diuresis was obser\^ed. 

The aqueous content of both total blood and plasma was found 
to have increased by about 2 per cent, and this slight hydremia 
disappeared in the course of about 60 minutes. The reason wdiy no 
dilution of the blood is observed besides that W’-hich can he explained 
by the injected quantity of wmter probably is the very rapid sugar 
compensation betw'een blood and tissues in connection partly 
wdth the rapid excretion of the wmter through the kidneys and partly 
by its retention in the tissues during the deposition of the glucose. 
The percentage of the cell volume of the blood accordingly fluc- 
tuated by about 3 vol. %. The blood pressure presented but slight 
fluctuations, i. e. in the majority of cases a minor transitoiy decrease 
of the systolic pressure (5 — 10 mm.), eventually preceded by a slight 
increase immediately after the injection. 3 and 24 hours later the 
blood pressure was always found to be normal. 

The hemoglobin percentage w^hose determination is encumbered 
with fairly great errors, decreased by up to 19 per cent immediately 
after the injection, subsequently rising agai.u. ^Yhat is responsible 
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for this fluctuation is not knoA\Ti, possibly, however, there is a 
question of a change in the distribution of the blood. 

The hypertension material comprises 8 patients with essential 
or secondary, hypertension. The proportions of blood sugar were 
found to be averagely the same asjn the normal, though, in 5 cases, ' 
there was a tendency to diabetiform course of the curve. The 
discharge of sugar immediately after the experiments amounted to 
from l.etp 9.3 g.,andin 1 case, 1 g. during the subsequent 20 hours. 
Nor was there in this series of experiments detected any osmotic 
effect of the glucose, the fluctuations in the aqueous content of tlie 
• blood — regardless of the nature of the hypertension — not deviat- 
ing from the normal, and the same holds for the cell volume and 
hemoglobin percentages. In several of the 7 patients the systolic 
blood pressure presented a fairly pronounced decrease, eventually 
• preceded by a minor increase immediately after the injection. In 
one case of hypertension -f arteriosclerosis no decrease was obsers^ed. 
The initial values were in most cases reached 3 hours after the 
termination of the experiments, and were always found after 24 
hours. 

The pathogenesis of these fluctuations in the blood pressure are 
discussed. The initial increase probably is of nervous origin. The 
slight decrease of the blood pressure in the normal probably is 
chiefly due to a direct action of the glucose on the vessels, even- 
tually in connection with a temporarily decreased adrenalin level 
in the blood, whereas it is possible that other factors such as chan- 
ges in the formation and discharge of renin moreover are of import- 
ance for the decrease of blood pressure in hypertonics. 
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Thrombosis of the Internal Carotid Artery. 

A Clinical Study of Nine Cases diagnosed by Arteriography. 

By 
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Although thrombosis of the internal carotid artery does not 
seem to be uncommon, this condition is rarely diagnosed during 
life. The reason responsible for this fact is the difficulty to 
demonstrate the lesions ■which is done by means of arterio- 
graphy, a method as yet not very widely used. 

The cases diagnosed arteriographically are specially intere^' 
ting, because they may be studied more deliberately and in greater 
detail than the cases diagnosed at autopsy in which death had oc- 
curred frequently a short time (at the end of a few days, sometimes 
even at the end of a couple of hours) after the onset of the cata- 
strophes. 

The author’s study of the literature revealed that there are all 
in all 23 cases of thrombosis of the internal carotid artery published 
which had been recognized by arteriographic examination. The 
cases in which the lesions were due to extraarterial insults such as 
traumas, tumours, surgical intervention a. s. o. were not taken into 
consideration. 

In 1936 Egas Moniz in collaboration with Lima and Lacerda 
described four cases of thrombosis of the internal carotid artery of 
which one case had been observed as early as 1931. Lohr published 
the description of three cases. Schimidzu in 1937 reported one case. 
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In 1938 Qiao in collaboration with Kwan, Lyman and Loucks 
published two cases, Riechert three cases and Siegert two cases 
of this type. Sorgo described eight cases. 

The material which wll be reported in the following covers 
six cases-wKifch the author studied closely at the Neurological Clinic, 
and three cases which were treated at the Neurosurgical Clinic of the 
Serafimer Hospital in Stockholm. Grateful appreciation is hereby 
expressed to Professor Herbert Olivecrona for the clinical data on 
the three last mentioned cases. ' 

Diagnosis was established in all cases by means of arteriography. 
The respective roentgenological examinations were performed by 
Docent Erik Lysholm and his collaborators at the roentgenological 
services of the Serafimer Hospital, Stockholm. 

Case 1. — George L.,born in 1893, street-car conductor, wc.s treated 
at the Neurological Clinic (Record 311/1938) and at the Neurosurgical 
Clinic (Record 410/1938). The patient had been in good health until the 
beginning of the year 1937 when attacks of headache set on which were of 
short duration and localised in the left portion of the crown of the head. 
The attacks occurred in intervals of about one month. In April 1938 the 
headaches became more intensive and constant. There was acute onset of 
aphasic troubles. He was admitted to the Neurological Clinic and at a 
later period referred to the NeurosurgiccI Clinic. His consciousness was 
clear, but he appeared depressed. He exhibited symptoms of aphasia. 
He understood most of what was said to him, but not everything. He 
obeyed fairly well simple commands, but could not obey commands of a 
. more involved nature. Hehad difficulty in Avord-finding and at times used 
wrong words without noticing it. His attention was good. He exhibited 
easily fatigue. Apart from a slight blurring of the borders of the disks and 
from a weakness of the right lower facial branch, the neurological examina- 
tion did not reveal anything unusual. 

The roentgenograms of the skull and the encephalogram did not reveal 
any evidence of pathology. 

On exposing the left common and internal carotid arteries for the pur- 
pose of arteriographic examination it was found that the internal carotid 
artery was pulseless at a point about 3 cm above the bifurcation and that 
it was narrower than normal. The findings at the arteriographic examina- 
tion were the following: the needle lay in the internal carotid artery. The 
contrast medium entered the artery as far as 1 cm and from that point on 
and within the adjacent area of about 2 cm in length the column formed 
by the contrast medium showed an irregular narroAving. From that point 
on the contrast medium did not fill the artery any further, but floAved 
back into the external carotid artery the branches of Avhich did not exhibit 
any alterations. Arteriographic examination evidenced the presence of a 
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narrowing and of an obliteration of the internal carotid arterv immediatelr 

above the point where it branches off from the carotid artery. 

A segment of tlie artery was excised and found to be thrombotic. The 
pathological-anatomical examination was carried out by Prof. Hildin? 
Bergslrand who reported the following; »Cross section of the artery showed 
the formation of a thrombus in the lumen which, however, did not com- 
pletely block it. The thrombus exhibited organization and recanalisation 
and therefore must have been of old standing. The intima was grossly 
thickened. In the adventitia and in the periarterial tissue there was pre- 
sence of considerable inflammatory, cell infiltration, especially of round 
cells, but quite a lot of leucocytes were also detected. In spite of this inflam- 
matory alteration the picture is not similar to that of periarteritis nodosa.# 

Apart from a mas'ic curve of 11221100 the spinal fluid did not reveal 
anything unusual. The Wasserman test was negative both for the spinal 
fluid and for the blood. 

The blood-pressure was 180 systolic, 125 diastolic. The heart showed 
inconsiderable enlargement, but was otherwise of normal appearance. The 
condition of the patient improved graduall.v. At the end of about a year 
he was able to take up work again and got a job in a bus-garage. 


Summary: Report of the liistoiy of a street-car conductor born 
in 1893. Since the beginning of the year 1937 he complained of 
lieadaches on the left side which occurred in attacks. In April 1938 
there was acute onset of aphasia and evidence of weakess of the right 
lower facial branch. Arteriographic examination revealed throm- 
bosis of the left internal carotid arterj^. On pathological-anatomi- 
cal examination the presence of an organized thrombosis, of a 
thickening of the intima, and of inflammatory alterations of the 
media and adventitia was demonstrated. The patient regained his 
working power at the end of one year. 


Case 2. — Erik J., born in 1906, workman in a paper-mill, was treated 
at the Neurological Clinic (Record 544/1938). The patient does not know 
of any hereditary nervous or mental diseases existing in the family. His 
health had previously been good. In 1920 when leaning over the railing 
of the shaft of a lift his chest was squeezed in by a lift going downwards. 
He fell head foremost about three meters deep and contracted a trauma of 
the skull. He was unconscious for some time. At the end of a month he 

was able to take up work again and felt completely restored. 

In the beginning of the year 1930, he was subject to attacks similar to 
hemicrania. Headaches occurred which lasted from 20 to 30 minutes and 
which were followed by visual disturbances which he called »glislenmgs» 
and bj’’ sensations of discomfort. In the spring of the year 1934 these 
troubles occurred more frequently. One morning, about midsummer of 
the same year, he woke up at 5 o’clock with a severe headache, fell asleep 
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aram and woke up once more at 8 o'clock. The left side of his body was 
compielely paralysed. Ids face was distorted; he had a headache which was 
most pronounced on the right side. There rvas absence ot visual or other 


disturbances. 

At the examination at the Serafimer Hospital, Stockholm, six weeks 
after the onset oi this attack, the patient exhibited on the left side a A^ery 
pronounced spastic hemiparesis w'ith some motility of tlie loAver extremity 
maintained. The muscular reflexes in the arms Avere equally strong on both 
sides. On the left side, there aa^s presence of symptoms suggestlAm of 
foot clonus and of exaggerated patellar reflex. The Babinski test Avas 
negath^e on this side. There was further paresis of the facial and hypo- 
glossal nerA^es on the left side and eA'idence of a left-sided hemianesthesia* 
The abdominal reflexes AA'ere absent on the left side and the cremasteric 
reflexes AA'ere Aveak on this side. The Ausual acuity and fields, the pupillary 
reflexes as Avell as the eyegrounds shoAved nothing unusual- 

No evidence of pathology A\'as to be seen in the roentgenogram. Tlie 
encephalogram revealed a slight lateral displacement of the lateral A'en- 
tricles and the septum pellucidum, a fcAv millimeters to the right of the 
medium line. The position of the third A'entricle A\'as slightly oblique. 
Corresponding to the cella media the right lateral ventricle was larger than 
the left. 

Examination of the cerebrospinal fluid shoAved nothing unusual. The 
Wasserman test of the blood and of the cerebrospinal fluid Avas negatlA'e. 
The sedimentation rate AA'as 25 mm after l hour. The urine aa’os normal. 
The blood-pressure aa'os 105 systolic and 70 diastolic. 

The patient’s condition improved subsequently and at the end of four 
months he A\'as able to AA-alk. He A\'as, how’eA’er, not able to lake up his 
AA'ork and lived on a sick-pension. 

In the summer of the year 1933 he began mamfesling epileptic seizures. 
On one occasion he felt a tAA'itch in the left side of his face. He also fell 
tirather queer». At that time lie Iiad no spells of unconsciousness and Avas 
able to ansAver when spoken to. Sometime later he AA'as subject to acute 
attacks of unconsciousness associated Avith tonic spasms and longue-biting. 
These attacks Avhich Avere not preceded by aura AA'ere accompanied by a 
complete amnesia and occurred about once a month. 

In the autumn of the year 1938 he came to the Neurological Department 
for examination. 


On admission he manifested a moderate spastic hemiparesis ot the left 
side. The muscle power of the left arm AA'as considerably reduced, of the 
left leg moderately and AA'as Aveakest in tlie left foot. He AA'as able to AA'alk 
Avitb support of a stick. He Avalked with outstretched left legmoA'ingit 
by circumduction and AAdtli the left foot tAA'isted into talipes equinus po- 
sition While he Avas Avalking the leg Avas subject to spasms. The patient 
moved along holding his left arm across his chest and flexing lus fingers 
toAvards the palm of his hand; liis tliumb Avas turned inAvards. 

On the paretic side there was presence of exaggerated muscular reflexes 
23 — Ada med. scandinav. VoL CXIV- 
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nnd of spinal .'uitoinatism as wll as of posilivo BahinsW, Rossolimo and 
Triimmor si(,"ns. On llio loll side sddcomposilion des mouvementsD was 
oh?t'rv('d. The Romberg lest was negative. Superficial sensation as well as 
deep .<ensat ion was grossly reduced on the left halt side of the body and there 
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left side there was manifestation of signs suggestive of facial paresis ol the 
centr.'d type evidence of paresis of the hypoglossal nerve. 

The visnal acuity of the left eve was normal, of the right ey 
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was evidence of transient attacks of paresis of the right arm and 
visual disturbances. In February 1939 he exhibited aphasia. Pie 
was admitted to the hospital in March. At that time there was pre- 
sence of flaccid paresis of the right arm and of both legs. In these 
extremities there was absence of muscular reflexes. The Babmski 
sign was negative on both sides. The skin was dry and showed pig- 
mentation, in both feet and in the right hand there was evidence of 
edema. Arteriographic examination revealed occlusion of the left 
internal carotid artery. Exitus a few weeks later. The post-mor- 
tem examination showed the presence of thrombo-angiitis oblite- 
rans in the arteries of the brain, chiefly in the right middle artery. 

case 4. — Maria N., born in 1902, married, came for treatment to the 
Neurological Clinic (Record 595/1940). She liad previously enjoyed good 
health. On September 2 she was found lying prostrate on the floor in her 
flat. Her right side was paralysed and she was aphasic. She vomited sever.il 
times. She was brought to Sabbatsberg Hospital. On admission she liad 
slight cramps in the left arm and in the left leg. The right side was para- 
lytic. The Babmski sign was positive on that side and there was presence 
of patellar clonus. The facial and pharyngeal musculature of the right side 
was paralysed. The tongue deviated towards the right. On tlie rigid side 
of the body there was absence of superficial as well as of deep sensation. 
Towards the end of the month the patient gradually regained motility of 
her right leg. Tiie arm was paralytic. She was still aphasic. 

On October 17 she was admitted to the neurological services of the 
Serafimer Hospital. 

Motility of tiie paretic side of the body was unchanged. Owing to the 
presence of a very pronounced spasticity, all passive movements of the 
right arm or leg Avere at that lime impossible. Foot clonus as well as patel- 
lar clonus and positive Bahinski and Rossolimo s'gns were present on the 
right side. There was also evidence of right-sided facial paresis. The patient 
Avas unable to lift her right shoulder. The longue deviated to the 
right. Appreciation to pin pricks Ava.c Aveaker on the right side than on the 
left Avilh exception of the skin of the face A\diere conditions AA’ere rcAmrse. 
Coordination Avar normal on the left side, on the right side it could not be 
tested. The patient exhibited aphasia associated Avith alexia and agraphia. 
Roentgenographic examination of the skull reA’-ealed nothing unusual. 
On encephalographic examination the foIloAving Avas found: no disloca- 
tion of the ventricular system. The volume of the left lateral ventricle 
was as a Avhole someAvhat larger than that of the right. Otherwise there 
■\Aere no alterations of the lateral A'entricles. Frontally, on the right .side, 
seA>'eral sulci Avere detected, Avhich AA'ere Avider than normal. 

Arteriographic examination revealed a constriction of the left 
, internal carotid artery lo the shape of a cornet immediately above the 
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point where it branches off the common carotid artery. In this area the 
contrast medium indicated small irregularities. Th§ contrast medium filled 
The internal carotid artery within an area of about only 2 cm in length; at 
this point there was complete obliteration and the contrast medium'^flowed 
back and entered the external carotid artery and its branches. Oblitera- 
tion of the left internal carotid artery immediately above the point where 
it branches off the common carotid artery was recognized. 

The cerebrospinal fluid was normal. 

The patient’s physique was normal. There was no ewdence of altera- 
tions of the skin. 

Physical and electrocardiographic examination of the heart revealed 
nothing unusual. The blood-pressure was 120 systolic and 80 diastolic. 
Roentgenographic examination of the heart and the aorta showed normal 
conditions. The presence of sclerotic alterations of the blood vessels 
on the left forearm and lower part of the left leg could not be proved roent- 
genologically. 

Oscillometric examination of the calfs and the upper arms which was 
made by Dr. Ragnar Bringel showed the follomng; »The maximal ampli- 
tude was considerablj^ reduced with no difference on the two sides. Al- 
though there was no obwous sign of cardiac deficiency, the curve suggested 
anatomical alterations of the arterial walls of the (symmetrical) type such 
as the undersigned had only seen in five cases of pseudoxanthoma elasli- 
cura. (In endarteritis obliterans, juvenile arteriosclerosis and morbus 
Buerger there is always a difference of amplitude between the respective 
extremities.))) 

The Wasserman reaction was negative for both blood and cerebro- 
spinal fluid. The sedimentation rate measured 8 mm after 1 hour. 

Once, during her hospitalization, the patient complained of pains over 
the precordium wliich set on in attacks and which were of the anginal 
t^ye. These sj^mptoms Avere accompanied by severe pains in the right 
leg which appeared somewhat anemic. The blood-pressure was then 150 
sj^stolic and 100 diastolic. The pulse was normal. The routine clinical 
examination of the heart did not reveal anything unusual . . . 

The patient left the hospital in the middle of December. At that time 
she ^Yas able to walk with support. The paresis of the right arm had but 
inconsiderably improA'ed. The aphasia was unchanged. 

Summary. Report of the liistory of a married female born in 
1902. In September 1940, the patient manifested acute onset of 
hemiparalysis of the right side and of aphasia. She came to the 
hospital for treatment. The Babinski sign was positive on the 
right side. There was presence of paratysis of the facial and pharym- 
geal musculature and of the accessory^ nerve on the right side. Hemi- 
anesthesia was present on the right side in the trunk and on the 
left side in the face. The patient exhibited aphasia accompanied by 
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On October 31, arteriography of the internal carotid artery was per- 
formed which I’evealed the following; the contrast medium entered the 
carotid artery as far as the siphone, but not further. Part of the contrast 
medium flowed back into the common carotid artery. Arteriographic 
examination proved that the right internal carotid artery was obstructed 
in the area of the siphone. 

On November 4, signs suggestive of a left-sided hemianopsia were ob- 
served which, however, could not be verified a few days later. 

Towards the end of the month embolism or thrombosis of the right 
central artery was diagnosed. 

His condition improved gradually. The aphasia was recognized to be 
of the Broca type accompanied by literal paraphasia and his speech was 
brief and limited to a vocabulary as is used for the wording of cables. 
He was able to read and wite fairly well. The aphasia improved to such 
a degree that he was able to talk tolerably well at the end of three months. 
He was right-handed. At that time he was able to walk without support 
and held the left leg straight moving it by circumduction. There was still 
presence of a pronounced paresis of the arm and a paralysis of the hand. 
The facial paresis was unchanged. The muscular reflexes in the left arm 
and in the left leg were increased. On the left side there were positive 
Babinski and Rossolimo signs. The patient’s physique was normal. On 
his left hand he exhibited a pigment naevus of double the size of a 5 ore 
(halfpenny) coin. 

The heart showed normal conditions. Roentgenological examination 
of the heart and the aorta did not reveal anything unusual. The electro- 
cardiogram was normal. The blood-pressure was immediately after onset of 
the disease 145 systolic and 95 diastolic (pulse rate 62), fell subsequently to 
120 systolic and 70 diastolic, and rose at the end of three months to 160 
systolic and 105 diastolic (pulse rale 100). 

The cerebrospinal fluid showed 16 monocytes/3.2 cm. Otherwise 
nothing unusual was observed. The Wasserman reaction was negative 
both for the blood and the cerebrospinal fluid. The cholesterin determina- 
tion of the blood yielded a value of 21 7 mg %. The sedimentation rate was 
7 mm after 1 hour. 


Summary: Report of the history of an engineer, born in 1908. 

Since September 1940 the patient exhibited neurasthenic symptoms. 
Towards the end of October there were periodic attacks of aphasia 
of short duration. On October 30, he manifested suddenly hemi- 
paresis of the left side. He was admitted to the hospital. The Babin- 
ski sign was positive on the left side, possibly also on the right side. 
The muscular reflexes in the extremities were symmetrical. There 
was evidence of left-sided central facial paresis. Paralysis pf vertical 
ocular movements was suspected. The patient showed signs of 
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aohasia of the Broca type. On November 4, hemianopsia occurred 
on the left side. Towards the end of November, embolism or throm- 
bosis of the central retinal artery was recognized. Two months later 
there was amelioration of the hemiparesis as well as a slight im- 
provement of the aphasia. The arteriographic examination revealed 
occlusion of the right internal carotid artery. 


Case 6. — Emma 0., horn in 1892, married, was admitted to the Neuro- 
logical Clinic (Record 76/1941). The patient denies nervous diseases in the 
family. Her mother and one brother died of an organic disease of the heart. 
In tlie year 1917 she had scarlet fever accompanied by otitis on the right 
side. In the year 1937 a slight hypertonia was recognized. In Hie course 
of that year she complained of heart troubles w’bicb manifested themselves 
in difficulty in breathing, heart throbbing and sensations of fatigue. 
Towards the end of July 1940 she suddenly fell prostrate to the ground. 
Most likely she was unconscious for some time, but when she recovered 
she was able to walk home alone, which took her about 20 minutes. After 
having come borne she complained of fatigue and pains in her arm. These 
troubles disappeared after 24 hours. From that time on she was complete- 
ly free from complaints until the month of October of Hie same year wlien 
she manifested increasing weakness of the right arm accompanied by a sen- 
sation of awkwardness. She had great difficulty in eating with her right 
hand and was unable to work. During the following period of time her con- 
dition improved at times considerably and she was able to eat without 
having to be helped and could also do the house-hold work alone. Since 
the middle of December, however, she had no strength in her right arm. 
Since October 10, she had five attacks of loss of speech power. She under- 
stood everything that was said to her, but was unalile to speak for some 
minutes. At times she could not complete a sentence which she liad begun. 
During such' spells Iter memory was most likely impaired. Her conscious- 
ness, however, was apparently not disturbed. Since October her vision 
impaired so grossly that she was unable to read in November. Since tbo 
beginning of November she had tlie sensation of a roaring noise in her head 
ressembling the roar of an engine. In the middle of December there were 
sudden exacerbations with headaclies localized in the area above Hie 
left eye and further impairment of vision. The weakness of her right 
arm increased and the right leg began to feel awkward. She complained of 

attacks of vertigo. At one occasion the attack was so severe that she fell 
down. 


After having been treated at a hospital in her native towm, she was 
submitted to the Neurological Clinic on January 21. On admission she felt 
tired and drowsy. Her concentration power was impaired, Hie reaction 
time was prolonged and her memory was poor. She showed cortical aphasia 
of the Broca type associated with agraphia, alexia and acalculia. She 
exhibited on the right side a slight hemiparesis which was more pronounced 
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m the arm than in the leg, the muscular reflexes on the right side were 
more pronounced ilian on the Jeft side. Grasset’s and Souques’ pheno- 
menas were positive on the right side. Tromner, Eabinski and Eosso- 
limo signs were negative on both sides. There was absence of abdo- 
minal reflexes. The lower part of the facial area on the right side was 
slightly paretic. Further, a slight deviation of the tongue to the right- 
was observed. Apparentlj^ there were no disturbances of sensation. There 
was manifestation of Romberg’s sign vdlh tendency to fall baclmard — to 
the right. Adiadokokinesis was' present on tlie right side as well as a right- 
sided homonj'mous hemianopsia. Since her childhood she had been mani- 
festing a slight strabismus -with gross impairment of vision on the right 
side. Examination of vision showed: in January, left: 2/10, a month later 
9/10. The eyegrounds did not show anything unusual and the pupils 
reacted normally. 

Roentgen examination revealed apart from a relatively short and 
high skullcap nothing unusual. 

The findings at the arteriographic examination of the left carotid 
artery were the following: the point of the needle penetrated 1 cm deep • 
into the internal carotid artery. On injecting the contrast medium, the 
medium filled only the distal area of the internal carotid artery within 
an area of about y^, cm in length above the point of the needle. The extreme 
end of the contrast medium column showed irregularities and was frayed. 
There was back-flow of the contrast medium into the common carotid 
artery. The roentgen examination showed obstruction of the inferior 
portion of the internal carotid artery. 

The cerebrospinal fluid was normal. 

The blood-pressure was 195 sj^slolic and 125 diastolic. The electrocar- 
diogram did not show anything unusual. The roentgenogram of the heart 
and the aorta was normal. 

At the roentgen examination sclerotic alterations of the walls of the 
arteries of the lower leg — especially on the right side — were recognized.- 

The Wasserman reaction was negative both for the blood and for the 
cerebrospinal fluid. The sedimentation rate was 65 mm after 1 hour. The 
determination of the cholesterin percentage of the blood yielded 182.5 
mg %, 221 mg‘%. 

The patient was right-handed. 

Summary: Report of the Iiistory of a female, horn in 1892. In 
1937 hypertonia was recognized. In July 1940, she suddenly lost 
consciousness and subsequently complained of weakness and 
pains in the right arm lasting for a day. In October reccurrence 
of w^eakness of the right arm. Since the middle of October onset of 
seizures of aphasia and impairment of vision of the left eye. In the 
middle of December, renewed gross impairment of xision and com- 
plaints of headaches above the right eye. A right-sided hemiparesis 
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,i,v. loped. She was ndmitied to the hospital. The Bnbin.ski sign 
VIS pep.-itive. There ^Mas prc.sencc of facial paresis on the right .side. 

(if tlie h}i)erglossnl neiwc was recognized. Homonymous 
n'lninarpsia was present on the right side. The arteriogram revcnl- 
,d Acelusion of tlie left internal carotid arteiy'. Sclerotic aiterations 
i-.f tln' .arteries of the lower leg were \nsualizcd in the roentgeno- 

gnnn. 


Cane 7. — Gustav .T., liorti in 1004, joiner, wa.s tre.ated at the Nenro- 
.a Clinic. (Report 1/105S). Concornin" family diseases, nothing of 
int- r-.s! is to he reported. He had enjoyed good health. He may liavo 
P- i.'tt-handed, lie trew stoue,s and drove in nails with his left hand, but 
p.'. wrote vritli his right hand. In the middle of June 1937, he .suddenly 
cipcn'cncf'd diffieuity in writing. He skipped over syllables and also made 
o'fi< r mistakes. One morning, in tlie end of June, ho woke up and was uu- 
to speak. Ho could only say ftyeso. His right arm and leg fell clumsy. 

• Tii!‘- feelitig was strongest in the arm. He did not limp and was able to eat, 
with liis right hand, although with difficuUy. At the end of a few days, 
tle'-re was gradual amelioration of hi.s power of .speech. The feeling of clum- 
<!!!■ ss in his right teg regressed and disappeared completely in the middle of 
.tuly. the clumsy feeling in his right arm subsided more slowly. In the be* 
ginning of October, renewed loss of power of speech accompanied by 
elunisines.s i)f his rigid arm. Thc.se .symptoms .subsided gradually, but- 
did not disappear completely. During the first weeks in July flic patient 
rnin|iiain(‘fl of .severe hcadaciios on the left side, localized in the temple area 
and in ilio nape. The pains sot on in attacks several times during the course 
of a week and the attacks were from three to four hours duration. In the 
jaiddte of August, ho complained of a sudden seizure of blindness of the 
!ef! oye. He was on the verge of fainting and .saw everything blurred for a 
few minutes, but subsoqucnlly ho was able to see clearly again. These 
symptoms manifested themselves periodically, at times twice a day. hut, as 
a nitf, not more frequently than all in all four times a month. 

On January 1, he was s\ibmiUcd to the Neurosurgical Clinic. On 
admission the patient showed a slight reduction of strength in the right 
arm and leg, but no definite evidence of paresis could be demonstrated. 
The muccular reflexes in the right leg wore somewhat increased. Mendel- 
Ih-fhterew and Gordon signs were positive on the rigid side. The Babinski 
?tg;i y.as neg.dive on both sides. The abdominal reflexes wore weaker on 
the rigid side. There may also have been presence of a slight central facial 
parvis of the right side. The patient could not lift his right .shoulder 
udh normal strength. Tlie pupils as well as the cyogrounds did not show 
■uiidung unusu.al. His mental functions were normal. His arithmetical 
jc.'A 't.' avi’re poor. He exhibited a slight agraphia. 

Renitgen exnninalion of the sIcuH showed a sclerotic corpus jnnordc 2 
enn to ili.< of line. 
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On enceplmlograpliic cxaniinalion the ictt Mero] ventricle was found 
to be enlarged. 

The left internal carotid artery was exposed for IJie purpose of arterio 
graphic examination and llie following conditions were found: the artery 
superior to the carotid sinus was changed to a fibrous siring about the 
breadth of a goose-quill. No blood could he wifhd^a^\•n, On an attempt 
to perform arteriography of the common carotid artery, the whole amount 
of the injected contrast medium flowed into the external carotid artery. 
Arteriography of the rigid side showed (hat the contrast medium filled the 

anterior and medial cerebral arteries of both sides, (see Figs. 3 i). The 

blood vessels were normally situated and did not show any dislocation. 
Three days later a segment of the obliterated artery of about 1 cm in length 
was excised. 


The pathological-anatomical examination was carried out by Professor 
llilding Bergstrand who reported the following: »Tlie adventitia of the 
Idood vessel showed a thickening and an increase of the collagenic siib- 
slanco which presented coarse hyalinised fibrils. The adventitia showed 
more abundant vascularization than under normal conditions. Numerous 
levicocytcs were seen in (ho minute vessels and some of these cells infiltrated 
even the connective tissue of the adventitia, ^^^len staining the elaslin 
(he media showed fleckiness; this instance may he accounted for by a 
difference in the quantity of clastic substance which was present in the dif- 
ferent arca.s, in some areas there was more quantity present whereas in 
others less. Tlio media showed further a sliglil infiltration of wandering 
cells. The elastica interna is clearly discernible. A completely organized 
thrombus which was fixed in the wall occupied the largest portion of the 
lumen. Tlie thrombus showed abundant vascularization with vessels of 
different caliber of which some presented thick walls. The surface of the 
thrombus was coaled witli a lliin clastic membrane wliich may have been 


due to a splitting of the internal elastica. The intima of the vessel did not 

show any proliferation. Tlicre was complete absence of the intima cushions 

which arc specially characteristic of Ihrombo-angiilis obliterans. These 
characteristic alterations, however, may have )>cen present in otlier por- 


tions of the vessel. The pathological alterations in Buerger’s disease, as a 
matter of fact, show gross variations in the different cross sections of the 
vessel. This instance is also responsible for the different interpretations of 
the relation between the thrombi and the alterations of the vessel. Pic- 
tures as those described above suggest strongly primary thrombosis. Buer- 
ger himself believed that the disease was due to a primary thrombotic alte- 
ration; most likely he supported his view on pictures similar to those 
reported here. Frequently, liowever, gross alterations of the vessels, which 
must bo considered primary, are found in Buerger’s disease without pre- 


sence of Ihromholic formation .» 

The examination of the liearl showed that the 2nd pulmonary sound 
was somewhat accentuated. The blood-pressure was MO systolic and 100 
diastolic. The roentgenogram and electrocardiogram of the heart showed 


nothing unusual. 
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The Wasserinan reaction was negative for the blood. The sedimentation 

rale was 3 mm after 1 hotir. ^ 

In the course of the three years which elapsed since the patient was 

discharged from the hospital, Kis condition with regard to the hemiparesis 
and the agraphia he had been exhibiting, was, as a whole, much the same. 
The spells of temporary blindness occurred gradually less frequently. In 
the early summer of the year 1938, the patient developed periodically 
severe pains in the left cheek and in the left half of the upper lip, which 
were preceded by fits of heavy sneezing. 

Summary: Report of the history of a- man, a joiner by profes- 
sion, born in 1904. In the middle of June 1937, he had sudden, 
temporary seizures of agraphia. Towards the end of the month he 
became suddenly aphasic and developed hemiparesis of the right 
side. There was slow regression of those symptoms. In July there 
was recurrence of attacks of headaches on the left side. Since 
August he was subject to spells of blindness of the left eye. In 
October fits of aphasia set on, and he complained of his right arm 
feeling clumsy. This sensation subsided slowely. He was admitted 
to the hospital on January 1938. On admission he exhibited a slight 
hemiparesis wth slightly increased reflexes in the right leg. The 
Babinski sign was negative on both sides. There was presence of 
positive Mendel-Bechterew signs on the right side. The arteriogram 
showed obliteration of the left carotid artery. Arteriography was 
performed on the right side and the contrast medium filled the 
anterior and medial cerebral arteries on both sides. The encephalo- 
gram revealed dilatation of the left lateral ventricle. In 1938 the 
patient developed pains in his left cheek. At the end of three years 
after discharge, the hemiparesis and the aphasia were unchanged. 
The spells of blindness occurred gradually less frequently. The 
findings at the pathological-anatomical examination suggested 
- thrombo-angiitis obliterans, but did not definitely prove the pre- 
sence of this condition. 

Cases. Bmerik T., born in 1895, contractor, a Fin, was treated at the 
eurosurgical Clihic {Record 168/1939). There is nothing of interest in the 
ami y history of the patient. He had previously enjoyed good health, 
unng le Jagt yg^j, jjg manifested difficulty in breathing when ascending 

Lf 1938, he had at times 

pains in the precordium accompanied by feelings of anxiety. In 

noticed that he dropped things which he 
in us eft hand. He gradually manifested increasing weakness and loss 
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of strenglli in his arm. Finally, there was hardly any motility left in the 
arm. There was also weakness of the left foot, although not so pronounced 
as m the left arm. Since the end of February he could not walk anymore 
but was able to stand upright without any difficult 3 ^ Simultaneously a 
buzzing sound developed in his head, a land of soft roai-ing which occurred 
sjmcronous vdth the pulse and he manifested also increasing difficulty in 
writing. Although he was left-handed, he used his right hand when witing. 
His hand-\vriting grew less and less legible, and shortly afterwards he 
exhibited difficulty in finding the .proper words and letters. Apart from 
having at times had difficulty in finding the right words to express him- 
self, he did not seem to have manifested any difficulty in speaking. On 
March 3, he was submitted to the Neurosurgical Clinic, On admission he 
manifested hemiparesis of the left side, most pronounced in the arm where 
there was hardly any motility left at all. The motility of the leg was fairly 
good, but its strength was reduced. There wms presence of foot clonus on 
the left side. The Babinski sign was negative on both sides. The abdominal 
reflexes were normal. The patient further manifested a pronounced left- 
sided facial paresis of the central type and wealcness to lift the shoulder on 
the left side. The tongue deviated to the left. Convergence was disturbed. 
The eyegrounds were normal. Slight hyperesthesia to touch was present 
in the left arm, but appreciation of pains and temperature was not im- 
paired. Deep sensation was obviouslj’- reduced in the fingers and in the 
toes on the loft side. Pronounced astereognosis was present in the left hand. 
His menial functions were not affected, but his arithmetical powers were 
poor. He was not able to do problems in addition with two figures, but 
numbers of one figure he cast up fairly well. His memory was not impaired. 
He manifested a pronounced agraphia. He was left-handed, but uTOte 
with his right hand. 

The roentgenogram of the skull did not reveal anything unusual. 

Encephalographic examination revealed the following; absence of 
dislocation of the ventricular system. The left lateral ventricle showed 
dilatation, especially of the anterior part. Dilatation of the right lateral 
ventricle could not be definitely recognized. The position of the anterior 
and posterior portions of the third ventricle was normal. Somewhat 
widened sulci were visualized on the convexilJ^ 

The right common artery was arteriographicallj'^ examined and the 
following was demonstrated: the contrast medium filled almost exclu- 
sively the external carotid artery. The roentgenogram which was taken 
four seconds after injection of the contrast medium showed that the con- 
trast medium had entered the last portion of the siphone of the carotid 
artery and the vessels of the Sylvii group. The last mentioned vessels did 
not show any alterations. The wall of the siphone-areas of the carotid 
artery was somewhat irregular and suggested the presence of endarteritis. 

Examination of the cerebrospinal fluid showed an inconsiderable 
admixture of blood. The Pandy test was negative. The blood count 
yielded the figure of 200 red and 4 white cells per 1 mm. 
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After tlie arteriogi’apliic exa:raiiiation the patient showed an obvious 
although slight amelioration of the paresis of the left arm. 

Examination of the heart revealed nothing unusual. The blood-pressure 
was ’150 systolic and 105 diastolic. The sedimentation rate was 7 mm 
after 1 hour. 

He was discharged in the middle of the month with his condition un- 
changed. Two months later there was exacerbation of the paresis of the 
left leg. At that time he manifested symptoms suggestive of slight car- 
diac insufficiency and anginal pains. The patient died in his native country 
in June 1939. 

Summary: Report of the liistory of a male, contractor by 
profession, born in 1895. Since the spring of the year 1938 he com- 
plained of pains in the precordium and sensations of anxiety. In 
the autumn of the same year he manifested increasing hcmiparesis 
on the left side. Since February 1939 there was manifestation of 
aphasic symptoms and he complained of a roaring sound in his 
head. He was admitted to the hospital in March. On admission 
hemiparesis involving the left side was recognized. The Babinski 
sign was negative on both sides. On the left side there was presence 
of central facial paresis and of paresis of the accessorial and hypo- 
glossal nerves. The left arm showed hyperesthesia and disturbance 
of deep sensation. Agraphia and alkalkulia were present. The 
patient was left-handed. The arteriogram showed alterations 
suggesting the presence of endarteritis in the siphone of the right 
carotid artery. The contrast medium was seen to fill the vessels 
of the Sylvii-group. Encephalographically it was recognized that 
the left, lateral ventricle was dilated. At the end of two months, 
after discharge there was exacerbation of the paresis of the left leg. 
The patient manifested symptoms suggestive of angina pectoris. 
Lethal exit occurred in June 1939. 

Case 9. — Daoid K., workman, born in 1881, was submitted to the 
Neurosurgical Clinic (Record 525/1941). There was presence of ankylosis in 
the left knee following a trauma contracted as a child and in the joint of the 
right elbow since 1916 due to a tumour albus. Apart from these.complaints, 
the patient had always enjoyed good health. In the beginning of April 
of the year 1941, he complained of numbness of the right hand. Shortly 
afterwards there was loss of power to recognize objects by touching or 
feeling them with his hands. At that time he manifested gradually diffi- 
cu ty in finding the proper name for the most common objects. These 
symptoms grew gradually worse. He began to stumble Avhen walking and 
he complained of a »queer» sensation in his head. On April 23, his speech 
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grew more and more confused and he exhibited increasing difficultv in 
expressing liimself. Finally his answers were confined to single words 
only. On April 25, ho developed weakness of the right arm and a few days 
later also of the right leg. There was rapid impairment of the existent pare- 
sis which developed to paralysis. On May 2, he was submitted to the hos- 
pital of the district where he was resident. He appeared at that time verv 
confused and showed an inclination to emotional outbursts. His con- 
sciousness was not disturbed. There was pronounced aphasia. He further 
exhibited a right-sided hemiparalysis. Appreciation of pin pricks was ab- 
sent or grossly reduced on the right half of the body. Facial paresis of the 
inferior region was recognized. The muscular reflexes wore normal. The 
Bahinski sign was positive on the right side. The blood pressure was 220 
systolic and 110 diastolic. 

On August 22, he was admitted to the Neurosurgical Clinic. On ad- 
mission he exhibited hemiparesis of the right side with inconsiderable 
motility still present in the arm and in the leg. The extremities showed 
normal muscular reflexes — as far as they could be tested. The Bahinski sign 
was positive on the right side, the Tromner sign was negative on both 
sides. The abdominal reflexes were absent on the right side. The presence 
of facial paresis could not be definitely recognized. On attempts to lift 
his right shoulder, the patient displayed reduced strength. There was 
paralysis of ocular movement upwards. No further evidence of pathology 
with regard to the cranial nerves was recognized. The eyegrounds were 
normal. Superficial sensation was subjectively reduced on the entire right 
side, chiefly in the distal portion of the extremities. Deep sensation was 
reduced on the right side. The right hand showed nstereognosis. There 
was presence of a pronounced aphasia, chiefly of the motor type. 

The roentgenogram of the skull was normal. 

Encephalographic examination revealed that the septum pellucidum 
as well as the third ventricle wore situated in the median line. The right 
lateral ventricle was somewhat larger than the left, and its lateral superior 
cornu was somewhat disfigured laterally and upwards. Superior to the 
right frontal region, the sulci showed an enlarged volume and contained 
air in moderate quantities. 

For the purpose of arleriographic examination the left common carotid 
artery and its branches were exposed. The common as well as the external 
<;arotid arteries were found to bo normal, showing normal blood-pressure 
on p.alpation. In the bulbus a .soft tumour of the size of a pea, not clearly 
demarcated, was palpable and superior to that area the internal caroti 
artery could bo very easily compressed. The blood-pressure appeared to 
be normal, and the vessels appeared to be considerably narrower in that 
area than under normal conditions. The peripheiy of the vessel did no 
show any alterations. On injection of thorotrast into the common caio i 
artery it was observed that the contrast medium did not fill the interna 
carotid artery. On insertion of the needle through the reported tumour, 
good filling was obtained. 
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The roentgenographic examination showed the presence of irregulari- 
ties of the wall and a slight obliteration of the lumen. The alterations 
measured 4 cm in length. The point of the needle penetrated as far as the 
inferior line of demarcation of this alteration. On injecting the contrast 
medium a large quantity took a retrograde course and filled the e^xter- 
nal carotid artery. The internal carotid artery was filled above the report- 
ed alteration. The siphone of the carotid artery was narrow and some- 
what irregular. The anterior cerebral Artery did not show any alterations, 
but the contrast medium did not enter the vessels of the Sylvii-group. The 
posterior cerebral artery was filled. The blood vessels filled with the con- 
trast medium did not show any dislocation. 

The physical examination revealed a hj’-pertonia (230 — 120 ram) ac- 
companied by a moderate enlargement of the heart, but otherwise nothing 
unusual. 

The Wasserman test of the blood was negative. The sedimentation rate 
was 22 mm after 1 hour. 

■ Summary: Report of the history of a workman born in 1881. 
In April 1941 he complained of his right hand feeling numb. This 
symptom grew gradually worse and was followed by weakness of 
the arm which developed to hemiparalysis. Simultaneously, 
there was development of a gradual increasing aphasia. The 
Babinski sign was positive on the right side. On the right side there 
was presence of paresis of the accessorius and hemianesthesia. 
Arteriographic examination showed an occlusion of the bulbus 
caroticus. The contrast medium did not fill the middle cerebral 
artery, but satisfactorily the anterior and posterior cerebral arte- 
ries. In the encephalogram it was seen that the right lateral ven- 
tricle was somewhat larger than the left. 

The reported case-histories show that the incidence takes, to a 
certain extent, a characteristic course; most of tlie cases exhibit an 
initial stage present for different lengths of time in the course of 
which the cerebral symptoms set in periodically. There may, 
however, also be complete absence of this stage. The catastrophes 
are in the beginning generally of a mild character, abate rapidly, 
hut increase in strength and duration subsequently. After a cer- 
tain period which may cover several months or years, the symp- 
toms following an attack reveal a more severe character than 
those preexisting. The final attack is at times of apoplectic charac- 
ter. It is, however, of more common occurrence that the cata- 
strophes reach their full strength only after having gradually, during 

— Ada mcd. scandinav. Vol. CXIV. 
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the course of several hours, increased in intensity. The patients 
complain of dizziness, hut are not unconscious. During the follow- 
ing days a slight abatement of the symptoms may he observed' 
Amelioration progresses very slowly, and after a short time the 
condition remains stationary. Frequently the individuals apply 
for treatment not until after this final severe attack. 

The symptoms exhibited in thrombosis of the internal carotid 
artery have been described earlier by Moniz and other authors. 
On the basis of the cases that came under his ovm observation 
Moniz distinguishes a »syn drome of thrombosis of the internal 
carotid artery» which he describes as follows (see foot-note). i 
The symptoms which the authors cases manifested are rather well 
in aggreement with Moniz’s observations. 

The object of the following report is to review the most im- 
portant and most interesting S3Tnptoms associated vdth the inci- 
dence. For a closer study of the cases the reader is referred to the 
reported case-histories. 

Frequently, the initial sjnnptoms are headaches involving one 
side of the head and always localized on the same side as the 
thrombosed artery. Often, these headaches occur years be- 
fore the manifestation of the other symptoms — as was the case 
in three of the nine cases that came under the author’s ovm expe- 
rience — sometimes at a later stage of the disease as it occurred in 
two of the author’s cases. 


^ Ces 4 malades, tous du sexe masculin, presentent une hemiparesie ou 
une hemiplegic du cote oppose a la thrombose de la carotide interne. ■ Chez 
tous ces malades, meme chez ceux qui ont presente des troubles aphasiques 
graves et des hemiplegies tres severes, le facial n’a ete que tres legerment 
touche. 

G’est un fait a enregistrer; nous ne pouvons y trouver, pour le moment, 
une explication satisfaisante. 

Parmi les symptdmes prodromiques, nous citerons: les cephalees paraissent 
par crises, parfois longtemps avant les autres s^nuptfimes; des paresthesies 
fugaces aux membres; des crises souvent passageres, des paresies qui commen- 
cent plutdt par le membre superieur; des convulsions qui ne sont jamais trfes 
intenses et qui surviennent parfois avec les troubles paretiques; parfois des 
troubles de sensibilite; cr^ne douleureux h la percussion, du c6te de la throm- 
bose; des troubles aphasiques (thrombose de la carotide interne gauche), ce que 
nous avons note dans trois de nos quatre cas, constants et graves aparaissant 
par des crises passageres et toujours progressives, jusqu’h leur etablissement 
definitif; ictus toujours tres leger et tres rapide, avec lequel survient en genera 
une hemiplegic intense; du c6te psychique, indifference remarquable pour a 
maladie, parfois m§me une certaine euphorie. Nous noterons, que la palpa- 
tion des arteres carotides des deux cdtes du cou ne donne pas des renseigne 
ments nets. En effet, la carotide externe accuse du c6te malade, une pulsation 
assez forte. I) 
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Neurasthenic symptoms, at times, are precursors of the onset of 
the disease. 

The first coarse neurological symptom wliich is manifested is, 
as a rule, spastic hcmiparcsis involving chiefly the arm. ^ In the 
heainning the paresis is either of transient character (as was 
the case in three of the reported nine cases) and develops to a 
constant symptom, or (as was the case in five instances) it 
is right from the beginning irreversible. In some cases the 
paresis is at its onset but very weakly pronounced; the indivi- 
dual complains of a Dsensation of clumsincss» in the paretical 
extremities. 

Seven of the described cases exhibited a rather charactcristical 
hemiparesis; in one case the spinally innervated musculature was 
unaffected and in one case both legs and one arm presented flaccid 
paresis. 

All individuals exhibited facial paresis; in two cases — although 
the paresis was of central origin — the upper as well as the lower 
facial branch was involved. 

In three cases hemianesthesia was definitely recognized. 

The aphasic troubles, as a rule, set on subsequent to the mani- 
festation of hemiparesis and arc in the beginning usually of a tran- 
sient character. In the six cases Avhich manifested a left-sided alte- 
ration of the artery, there was evidence of aphasia. One case (case 
5) was rather remarkable by reason of the presence of aphasic 
troubles in an individual who was right-handed and who presented 
arterial thrombosis on the right side and hemiparesis on the left 
side. 2 

In two cases (cases 7 and 8) there w'as manifestation of agraphia 
associated vith poor arithmetical poAvers as an isolated asymbolic 
phenomenon. 


^ Hemiplegia of this type in which the paresis is predominating in the upjicr 
extremity is reported by Foix and Levy as being characteristic of vascular 
lesions within the cortical distribution area of llie middle cerebral artery in 
opposition to proportional bemiplcgia which is usually present if the central 
portion of the Sylvica-arca is affected. 

' A few cases of such a type arc reported in the literature. Sorgo described 
one case and Siegert two. On of Sicgcrl’s cases (case 5) revealed at autopsy 
besides the presence of thrombosis of the right internal carotid artery and 
softening of the right hemisphere a severe sclerosis of the basal arteries of the 
brain. Riechcrl reported a case of internal carotid llirombosis associated with 
ipsolateral hemiparesis. 
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Among the symptoms of paroxysmal character which are less 
frequently present are parasthesias and pains in the heterolateral 
extremities. 

In one case epileptic seizures occurred which were in the begin- 
ning of the Jackson type, but which gradually developed to grand 
mal. 

Tw'o of the described cases reported fits of sneezing; in one case 
. (case 5) these fits occurred at the earliest stage of the disease, in 
the other case (case 7), not until the insults were persisting, in this 
case associated vnth pains in the cheek and in the upper lip, on the 
same side as the thrombosed artery. Antoni observ^ed in a case of 
thromboangiitis obliterans in the brain accompanied by occlusion 
of the internal carotid artery similar, homolateral paresthesias in 
the cheek and the alveolar processus. 

Hyper- and h 3 q)aesthesia may occur in the region of the trige- 
minal nerve. Paresis of the hypoglossal ner\’^e occurred in four of 
the cases, paresis of the accessorial nerv^e in three, both present on 
the opposite side of the thrombosed artery. 

In one of the described cases a heterolateral pharyngeal paresis 
was recognized; in another case (case 6) a transient, homolateral, 
monocular visual impairment occurred, but apart from this in- 
stance, the eyes did not present anything unusual. 

Not one of the cases that came under the author’s own experi- 
ence showed paralysis of the eye muscles. Siegert reported one case 
of homolateral paralysis of the abducens. Sorgo observed in a case 
paralj’^sis of the rectus internus present on the same side as the 
thrombosed carotid artery and in six of eight cases there was 
presence of anisocoria with miosis on the side of the thrombosed 
artery. 

Anisocoria of the same type w^as present in one of the described 
cases, but in this instance this condition wns associated with throm- 
bosis of the central retinal artery. 

The eyegrounds ^vere, with exception of two cases in which there 
w'as blurring of the borders of the disks, normal. 

Paresis of vertical ocular movement upwards w’ar present in one 
case (case 9) and presumably this condition was also present in 
another case (case 5), w'hich on attempts to look up as well as to look 
dowTi seemed to present paresis. In one case (case 8) paresis on 
convergency was recognized. Antoni reported a case in which there 



360 


PER OTTO ANDRELL. 


the symptoms characteristic of thrombosis of the internal carotid 
artery. This trauma may liave contributed to the development of 
thrombosis. Sorgo called attention to the relatively frequent 
occurrence of trauma of the skull in the past history of cases of 
thrombosis of the inteinal carotid artery. 

Concerning the age of the individuals, that is to say, the age at 
v'hich the cerebral symptoms became apparent, the follovang is to 
be reported. One individual was in the third decade at the onset of 
the disease, three were in the fourth, four in the fifth and one in the 
seventh decade. Two of the cases were females. 

The physique of all individuals was normal, they were well 
nourished and showed normal musculature. In one case nevi pig- 
mentosi were obseived showing a tendency tow^ards radicular 
expansion, an instance which is rather interesting as it concurs 
with hloniz’ obseiwation of a nevus vasculosus showing a similar 
expansion. 

Increase in blood-pressure was obscrv'cd in three cases. Deter- 
minations during tlic hospitalization time of these patients in the 
vSerafimer hospital, Stockholm, yielded systolic the highest values 
of 230, 195 and ISO mm Hg, respectively. 

It is a known fact that a sudden drop of the blood-pressure 
causes at times cerebral symptoms such as hemiparesis, aphasia, 
a. s. 0 . (Cobb, Tournay). Not one of the cases reported in this paper 
manifested gross fluctuations with regard to the blood-pressure 
and their history did not contain any data indicative of such either; 
consequently there is no definite evidence available in support of 
the assumption that the same kind of symptoms wich occur in 
thrombosis of the internal carotid artery, are due to a general drop 
of the blood-pressure. 

The clinical examination of the heart of all cases did not reveal 
any unusual alterations. The electrocardiogram of one case revealed 
signs suggestive of intraventricular conduction block and right - 
ventricular preponderance. In the roentgenomgiam of this case 
there wms also evidence of enlargement of the heart. The heart of 
the majority of the patients w'as eleclrocardiographically and roent- 
genologically examined and show'^ed only exceptionally pathological 
alterations wdiich, if present at all, w^ere inconsiderable. 

In twm cases the arteries of the extremities were roentgenolo- 
gically examined and in one of these cases the presence of a slight 
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calcification of the wall of the arteries of the inferior part of the leg 
was recognized. Oscillometric examination of the extremities was 
carried out in two cases and revealed the presence of pathological 
conditions in one case (case 4). Apart from the reported findings 
nothing unusual was found on examination of the vascular systenio 
The other inner organs appeared to be unaffected. 

\Yith exception of two cases the cerebrospinal fluid was found 
to l)e normal. In one of these cases the mastic test yielded a curve 
suggestive of pathological alterations and in the other case there 
was an increase in the number of cells. The blood and urine tests 
jdelded in all cases normal values. The Wasserman reaction and 
other serological te.sts for lues were in all cases negative. 

In all cases diagnosis was established by means of artcrio- 
graphical examination of the arterj^. For this purpose the internal 
or common carotid arteries were exposed and thorotrast injected. 
In eight cases a passage-hindrance was recognized; in seven of these 
cases the inferior line of demarcation of the occlusion was found 
to be at the point where the internal carotid artery branches off 
from the common carotid artery or one or two centimeters superior 
to that point; in one instance the occlusion was localized in the 
siphone of the carotid artery. In one case there was presence of 
endarteritis in the siphone without occlusion. In six cases an altera- 
tion of the artery wns found localized on the left side, in three cases 
it was present on the right side. 

In one case the internal carotid arteries of both sides were 
arteriographically examined. In this instance the anterior and 
middle cerebral arteries within both hemispheres were filled b^’’ w'ay 
of the functionating arter 5 ^ It results therefrom that in this case 
the circle of Willis was to a certain extent able to compensate the 
inhibited function of one of the internal carotid arteries. The 
cerebral symptoms were also in this case relatively mildly pronounc- 
ed. This instance is in fuel agreement with hloniz’ and Krieg’s 
observations. Contrary to Krieg’s statement that, as a rule, there 
is regression of the deficiency symptoms in such cases, the cases 
in question did not sliow^ any clinical amelioration; at the end of 
three years after the onset of the catastrophes, hemiparesis and 
aphasia had not changed. 

Six cases w^ere encephalographically examined. In three cases a 
’'wdening of the lateral ventricle on the same side as the damaged 
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carotid artery was demonstrated, in two" cases this condition was 
found in association %vith an increase in air present in the sulci of 
the convexity. In one of these cases there was further displacement 

of the ventricular system towards the side of the affected arteiy 
In one case the lateral ventricle on the opposite side of the throm- 
bosed internal carotid artery was wdder than that of the homolateral 
side; in one case it was definitely proved to be dilated. ' 

Revievdng the literature the author found Rventy three cases 
reported in which diagnosis had been established during life by 
means of arteriographic examination. 

Three of the cases were at the onset of the disease in the third 
decade, two in the fourth, eight in the fifth, nine in the sixth and 
one in the seventh. Among these cases there were only four females. 
The coarse neurological symptoms seemed to have set bn acutely 
in about half the cases; in one third of the cases the disease took 
a chronic-progressive course. As some of the cases published in 
the literature are not exhaustively described, it is not possible 
to give exact values with regard to this question. 

In ten cases the manifestation of premonitory attacks of head- 
aches •were reported, in t'wo of these cases coexisting with diplopia. 
Six cases manifested of the usual initial symptoms of transient 
character hemiparesis, twm hemiparesthesia and one case paresthesias 
in the contralateral arm. Transient aphasic symptoms were described 
in three cases; in two of these cases these symptoms were associated 
with transient hemiparesis, in the third there was coexistence of 
a left-sided facial paresis with occlusion of the internal carotid 
artery on the right side. (Whether this patient had been left- 
handed, is not reported). 

Of the persisting cerebral symptoms hemiparesis was present 
in seventeen cases, in one case there was presence of monoplegia 
invol'ving the arm and in one case involving the leg. In four cases 
there was absence of spinal motoric symptoms. The presence of 
facial paresis wms reported in twelf cases. In one case paresis of the 
abducens was observed, in one case paresis of the internal rectus 
muscle, in both cases on the same side as the thrombosed artery. 

Sorgo reported that six of eight cases exliibited anisocoria asso- 
ciated with miosis of the pupil on the same side as the thrombosed 
artery, and Siegert stated that these conditions were present in one 







Figs. 3 and 4. Case 7. Arteriography of the right carotid artery. The contrast 
medium fills the anterior and middle cerebral arteries on both sides. 




Fig. 5. Case 7. Cross section of the left internal carotid artery sho^Ying 
thrombosis, 22 times enlarged. Staining: Weigert’s hematoxylin v. Gieson. 
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of tlie two cases that came under his observation. Alterations of the 
eyegrounds suggestive of a mild stasis were occasionally observed 
(Riechert, Sorgo). Moniz reported the presence of a pronounced 
papillary stasis in one case. 

Of the twenty three cases published in the literature the arterial 
thrombosis was localized on the left side in sixteen cases. In thirteen 
of these cases persistent aphasic disturbances. were obsenmd. In one 
case the presence of aphasia was reported associated vdth throm- 
bosis of the right internal carotid artery; the respective patient was 
right-handed. 

Gradual amelioration of the symptoms occurred in about half 
the cases, in two cases after excision of a segment of the throm- 
bosed internal carotid artery. Death occurred in five cases. In two 
of these due to intercurrent diseases. 

On exposing the internal carotid artery the diameter of the 
damaged artery was found to be grossly reduced in some of the cases 
that came under the author’s observation. In two cases (case 1 and 7) 
a segment of the thrombosed artery was excised and subjected to 
pathological-anatomical examination. In one case the presence of 
an inflammatory cell infiltration in the thrombosed artery was 
demonstrated. Presumably this lesion vms duo to arteriosclerosis. 
In the other case there was evidence of an increased quantity of 
collagenic substance in the adventitia, further it was found that the 
elastic substance present in the media showed an increase in some 
areas of the cross section wdiereas in other areas the substance was 
reduced. Besides there was presence of inconsiderable cell infiltra- 
tion within the adventitia and media. In this case one was entitled 
to the assumption that the alterations were due to thrombo-angiitis 
obliterans. 

In one case (case 3) the brain had been examined and described 
earlier by Antoni who found alterations of the cerebral arteries dueto 
thrombo-angiitis obliterans whereas no definite evidence could be 
established that the lesions of the internal carotid artery were also 
to be attributed to thrombo-angiitis obliterans. 

Of the cases of thrombosis of the internal carotid artery diagnos- 
ed by means of arteriography and reported in the literature, the 
author found five cases in which pathological-anatomical examina- 
tion of the damaged artery had been made. Sorgo described two 
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cases. In one case there was presence of thrombo-angiitis obliterans 
in association wtb occlusion of the internal carotid artery due to 
arteriosclerosis; in the other case the carotids were severely damag- 
ed oving to arteriosclerotic alterations. Sorgo advanced the view 
that most likely all cases of thrombosis of the internal carotid 
artery are due to arteriosclerotic processes. Ricchert reported 
arteriosclerotic alterations of the thrombosed artery in one of the 
cases that came under his ovm observation. Chao and collaborators 
described two cases in which organized thromboses localized in the 
internal carotid artery were demonstrated. These authors did not 
state anything about the nature of the alterations. The other 
seventeen cases reported in the literature were not subjected to 
pathological-anatomical examination. In seven of these cases the 
diagnosis arteriosclerosis was assumed to be correct. Apart from the 
cases of thrombo-angiitis obliterans referred to previously in which 
the correctness of the diagnosis was histologically proved, Sorgo 
suspected in one case the presence of thrombo-angiitis obliterans. 
In another case studied by Sorgo, Schuller-Christian’s disease occurr- 
ed subsequently. ^ One of Moniz’ cases manifested lues which 
had given cerebrospinal symptoms at an earlier period already. 
In the remaining seven cases nothing was detected which might 
have helped towards throvdng some light on the nature of the alte- 
rations of the blood vessel. 

Antoni described two more cases in which there was presence 
of thrombo-angiitis obliterans of the cerebral arteries associated 
vath thrombosis of the internal carotid artery, and in which the 
alterations in the carotid were recognized to be sclerotic. 

Most likely arteriosclerosis is in the majority of the cases res- 
ponsible for thrombosis of the internal carotid artery. Doerfler 
and other authors have demonstrated that arteriosclerosis of the 
internal carotid artery — frequently limited to that artery is of 
common occurrence and that it may appear already during youth. 
Hultquist published recently his studies of a material covering 
about 3,500 cases on which post-mortem examination was per- 
formed at the St. Erik’s Hospital in Stockholm. In ninety-one of 
the cases (2.6 %) thrombo-embolic alterations were found in the 

1 Hultquist described a case of Schuller-Christian’s disease in 
the coexistence of thrombosis of the internal carotid artery was foun 
autopsy. 
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internal and common carotid arteries. In sixty-nine cases these 
alterations could be macroscopically visualized, in twenty-two 
cases they only could be demonstrated in the microscope. Hult- 
quist stated that in all cases of primary thrombosis that came 
under his observation, the alterations were of the arteriosclerotic 

type. 

In one of the authors own cases (case 3) the brain was examined 
by Antoni who reported his findings on an earlier occasion. The 
internal carotid artery and the middle cerebral artery were found to 
be occluded on the left side, and tlic latter artery showed altera- 
tions characteristic of thrombo-angiitis obliterans. Within the left 
parietal lobe there was presence of malacic foci in the cortex and 
in the white matter lying underneath it. Attention should be called 
to the fact that the clinical picture of the disease in this instance 
is of special character and completelj’^ different from that usually 
observed in cases of thrombosis of the internal carotid artery and 
from the picture which the other cases that came under the author’s 
observation, exhibited. 

Antoni reported two more cases of cerebral thrombo-angiitis obli- 
terans with thrombosis of the internal carotid arter}^ of w'hich one 
case presented occlusion of the left carotid artery associated with 
malacic alterations chiefly of the cortical- and marrow layer of 
the inferior frontal gyrus anterior to Broca’s zone and to the left 
middle frontal gjmus; in the other case presenting occlusion of the 
right carotid artery there was presence of a softening focus within 
the right hemisphere in the parietal region and in the posterior 
frontal region extending deep into the marrow as w'ell as of small 
malacias in the temporal lobe. Within the left hemisphere the 
cortex seemed to be intact. In both cases alterations in the central 
ganglions were found. 

Sorgo described a case of occlusion of the left internal carotid 
artery in association with cerebral thrombo-angiitis obliterans. In 
the brain there was presence of extensive softening of almost the 
entire layer of the marrow' of the left hemisphere as well as of foci in 
the right hemisphere. In one more case that came under Sorgo’s 
observation a rather severe atrophy of the hemisphere of the same 
side as the occlusion involving chiefly the base of the second and 
third frontal gyrus within the .boundary area between the anterior 
and middle cerebral arteries and extending to the base of the 
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frontal brain was found. In these cortical areas there was presence 
of malacia. Tlie riglit liemisphere exhibited )>Hirnschwellung)) and 
malacic alterations wliich were not very strongly pronounced. 

Lindenberg and Spalz were responsible for the pathological- 
anatomical examination of 20 cases of thrombo-angiitis obliterans 
of the cerebral vessels. With regard of the site of the lesions, these 
authors differentiated two different main types: (1) in six of the 
cases extensive malacias were demonstrated wthin the distribu- 
tion area of one or several of the large arteries, which Avere chiefly 
limited to one of the two hemispheres and which were predominantly 
localized in the cortical area. These severe cerebral lesions in asso- 
ciation vith peripheral circulatory disturbances occurring at times 
in this ty^je of cases, made the establishment of a clinical diagnosis 
in some cases possible; (2) in fourteen cases there was presence of 
lesions of the type wgranulare Atrophic derGrosshirnrindei) localized 
in the border area bctw'ecn the three large arteries of the bra in, 
the distal portions of which — and exclusively these — presented 
alterations as seen in thrombo-angiitis obliterans. These lesions 
occurred in both hemispheres and showed symmetrical extension. 
In some cases of the two reported, types there was thrombosis 
of the internal carotid artery besides, the alterations referred to 
above. 

Brain lesions occurring subsequent to ligature of the internal or 
common carotid arteries performed for therapeutic purposes, are 
mostly localized in the distribution area of the middle cerebral 
artery, 

Muller studied two cases in which ligature of the carotid artery 
AAns performed and one case of arterial embolus. This author observ- 
ed that vdthin the involved cortical area unaffected areas seemed 
to be irregularly disseminated. As these intact cortical areas 
frequently are localized right in the middle of the area which is 
supplied by the middle cerebral artery, Muller was of opinion 
that one has to rule out the concept of a collateral circulation as 
explanation, and advanced the view that the qualities of the tissue 
in itself should be considered to give rise to the more or less strongly 
pronounced lesions. 

Boring observed in one case in which ligature of the common 
artery was performed, within the right hemisphere necrosis of the 
distribution area of the middle cerebral artery and an instance 
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which is rather remarkable — wthin the left cortical hemisphere, 
small, spot-like lesions. 

Cammermeyer found in one case subsequent to ligature of the 
internal carotid artery on the same side »considerable necrosis of the 
cortical area supplied by the end branches of the middle cerebral 
arteryi) involving exclusively the cortical area and not encroaching 
the white substance nor the basal ganglions. The author interprets 
these lesions as after-effects of an embolus. 

According to Hultquist whose pathological-anatomical exami- 
nations of alterations of the brain in the presence of carotid thrombo- 
embolism cover a very large material, the lesions occur preferably 
vithin the area of the middle cerebral artcr>^ and arc most strongly 
pronounced in the anterior central parts of this area. In about half 
the cases which Hultquist studied there was presence of diffuse 
alterations of the . areas supplied hy the anterior and posterior 
cerebral arteries. In some cases Hultquist obser\md alterations in 
the form of foci in the contralateral hemisphere -^especially in the 
outmost cortical layer — localised in the distribution areas of the 
middle as well as of the anterior and posterior cerebral arteries. 
Hultquist emphasized that the cerebral alterations present in 
tlirombo-embolism of the carotid arterj’- arc always stronger pro- 
nounced in the cortex and in the subcortical area. 

For some time one has been suspecting that in cases of embolism 
or arteritis of the cerebral arteries, vaso-constrictive spasms ^ are 
contributing to the development of cerebral lesions. Moniz and 

^ A number of experimental examinations undertaken for the purpose of 
throwing some light on the innervation conditions of the cerebral arteries have 
yielded coiitradicton,' results. The results obtained by Putnam and Ask- 
Upmark, Schneider, Bouckaert and Jourdan, Gollwitzcr-Mcicr and Eckardt 
suggest a vaso-constrictive action of the sympathicus on the cerebral arteries. 
Irritation of the sympathicus is supposed to cause constriction of the arteries 
of the homolatcral hemisphere as well as of those of the hetcrolateral hemi- 
sphere. 

According to the results of the examinations carried out by Ask-Upniark 
nnd Bouckaert and Jourdan the prcsso-rcccptive zone in the carotid sinus is 
supposed to have an effect on the tonus of the cerebral arteries, not only indi- 
rectly by ^Yay of the general blood-pressure, but most likely also directly, 
whereby in the latter case, the cerebral arteries, in the presence of a decrease in 
pressure in the sinus, respond vrith a vaso-constriction. 

. however, slated that the tonus of the cerebral arteries certainly is 

influenced by the blood-pressure, but there is as yet no evidence established 
that a neurogenic-constrictive stimulus is exercised on the cerebral arteries. 

(b or further information about the respective literature see Ask-Uninark 
and Schneider). ‘ 
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other authors presumed that the transient neurological s37inptonis in 

thrombosis of the internal carotid artery characterizing the 
initial stage of this accident, are due to spasms in the cerebral 
arteries caused by reflex-action. 

It may be that the irreversible symptoms Svhich appear at a 
later stage in the course of the disease, find their explanation based 
on this supposition. As a matter of fact, it is still obscure at what 
date eventual occlusion of the damaged internal carotid artery 
actually occurs. That the occlusion coincides with the persisting 
cerebral symptoms is by no means definitely proved. 

The concept that vaso-constrictive phenomena play a part in 
the development of the symptom-complex of thrombosis of the 
internal carotid artery furnishes a feasible explanation of several 
symptoms manifested in this incidence which are otherwise rather 
obscure. 

1) Even incomplete occlusion of the internal carotid artery 
is sometimes giving rise to the typical clinical picture characterizing 
the disease. In one of the reported cases (case 8) there was presence of 
endarteritis of the internal carotid artery associated with only a 
moderate occlusion of the lumen. In this patient the picture of the 
disease was in full agreement with the picture characteristic of 
thrombosis of the internal carotid artery; one might, however, 
say that the disease progressed more insidiously than was usually 
the case. Sorgo described tw'o cases of this type. Moniz observed 
similar cases; AVe also saw incomplete thromboses and other 
forms of partial occlusion of the internal carotid artery in wiiich 
the picture of the disease W'as the same as that seen in complete 
occlusion.)) 

2) Symptoms indicative of lesions localized in the heterolateral 
hemisphere occurred; in one case (case 5) there w'as presence of 
a motor aphasia associated Avith a thrombosis of the right internal 
carotid artery in a right-handed individual. The aphasia w'as in the 
beginning of the usual intermittent character and a thrombosis of 
the left middle cerebral artery does not seem very probable. jNo 
symptoms w^ere present in this case which might have suggested 
cerebral thrombo-angiitis obliterans. If one departs from the 
assumption that the speech-centers are localized on the leftside, 
the above described conditions can hardly be explained by the 
assumption that thrombosis of the right internal carotid artery, 
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exclusively by mecbanical occlusion oi the artery which causes im- 
pairment of the cerebral blood-supply, gives rise to cerebral lesions 
in the arteria Sylvica-area on the opposite side of theblocked artery . A 
feasible explanation of this phenomenon however can, be furnished 
on the basis of the assumption that spasms in the cerebral arteries 
are elicited from the damaged internal carotid artery by reflex-action. 

The chief object of the therapeutic treatment of thrombosis of 
the internal carotid artery should be the prevention of the occur- 
rence of cerebral lesions by maintaining an adequate blood-supply 
of the brain. The hypothesis that the cerebral ischemia in throm- 
bosis of the internal carotid artery is due chiefly to spasms in the 
cerebral arteries elicited from the damaged carotid artery, appears 
to be rather attractive. It results therefrom that excision of the 
damaged segment of the artery (after Leriche’s method) seems 
to be advisable in some cases. 

Even at the stage of the disease when the neurological symp- 
toms are still of transient character, the picture of the disease — as 
stated by Moniz — should be sufficiently characteristic, especially 
on account of its intermittent course — to allow the supposition 
of the correct diagnosis. Evidence may be established by means of 
arteriographic examination. 

Several cases are reported in which resection of the thrombosed 
segment of the artery was performed; in all cases surgical inter- 
vention was made at a late stage of the disease. Chao, Kwan, 
Lyman & Loucks observed in two cases which manifested coarse 
neurological symptoms as a sequence of the surgical intervention 
improvement of mental performance. Riechert reported an amelio- 
ration follovdng surgical intervention in two cases of which one 
manifested regression of hemiparesis and improvement of mental 
functions. The other case was as a sequence of tlie operation free 
from the central pains existing previously. 

Of the cases studied by the author, resection of the thrombosed 
segment of the internal carotid artery was performed in two cases, 
although unfortunately only partially. Not one of these cases show- 
ed definite amelioration. 

As the possibilities of restitution of the damaged tissue of the 
hram are limited, the surgical intervention should be performed at 
the earliest stage of the incidence. 
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Summary. 

Nine cases of thrombosis of the internal carotid arteiy are de- 
scribed, In all cases diagnosis was established by means of arterio- 
graphy during life. 

The author gives a review of the respective reports in the litera- 
ture. 

The course of the disease is, to a certain extent, characteristic. 
The cerebral deficiency symptoms are in the beginning of transient 
character, but become gradually persisting and are due to altera- 
tions in the distribution area of the middle cerebral artery and — 
although less frequently — of the ophtalmic artery. 

The author emphasizes that the obliteration of the artery caused 
by thrombosis and the decrease *in the blood supply of the brain 
associated with this condition, cannot alone, in and for themselves, 
give rise to the cerebral lesions. In support of this concept the 
author states that sometimes only the contralateral hemisphere 
is giving symptoms, further, that a completely developed symp- 
tom-complex may be observed in endarteritis of arteries present- 
ing only an inconsiderable decrease of caliber, and finally the author 
refers to the observations made by other authors at post-mortem 
examinations. 

According to the author, it is most likely that the cerebral 
lesions in thrombosis of the internal carotid artery are, to a large 
extent, due to spasms of the cerebral arteries caused by reflex-action 
and elicited by the damaged carotid artery. 

I wish to express my grateful appreciation to Professor Nils 
Antoni for having animated me to write this paper. I am indebted 
to him for valuable aid and guidance. 
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fiber den Glykogengehali des Blutes 

von 

PEKKA BRUMMER. 

(Bei der Redaktion am 22. Marz 1943 cingcgaiigen). 


Vbnr die Besiimmungsmeihoden. 

In den meisten im Scliriftlum erschienenen Untersnchungen iiber den 
Glykogengehali des Blutes ist die Glykogcnbeslimmung eniweder nach 
der urspriinglichen Pfliiger’schen Methode odor einer ihrer Modifikalionen 
ausgefiihrt worden. Bei alien diesen gilt als wesentliches Prinzip, dass 
das Blut erst mil starkem Kaliumhydroxyd bydrolysiert, ads dem Hydro- 
lysegemisch Glykogen mit Alkohol ausgefallt und dann meislens zu Glykose 
zersetzt bestimmt wird. 

Bei Beurteilung der mittels der Pfliigerschen Methode gewonnenen 
Ergebnisse ist zu beriicksichtigen, dass das Glykogen keineswegs das ein- 
zige mit Alkohol auszufallende, gegen Alkalihydrolyse resistente Kohle- 
hydrat ist, sondern dass diese Eigenschaften den Polysacchariden schon 
von den Trisacchariden an gemeinsam sind {z. B. v. Lippmann). Wenn 
man also annehmen kann, ein zu untersuchendes Gewebe enthalte einige 
andere Polysaccharide als Glykogen, so -werden sie bei Anwendung der 
Pfliigerschen Methode mit bestimmt. Ein derartiges Polysaccharid ist denn 
auch nach den neuesten Untersnchungen im Kohlehydratkomponente 
der Eiweisskorper anzutreffen. Levene und seine Mitarbeiter, Rimington, 
Blix und Sorensen, haben namlich enviesen, dass der Kohlehydratteil 
besonders der Glykoproteide, aber auch wahrscheinlich anderer Ehveiss- 
kdrper v/enigstens teihveise Trisaccharid ist. In dieselbe Richtung weist 
die schon von Bj^vaters seinerzeit gemachte Beobachlung, dass das in den 
Glykoproteiden anzutreffende Kohlehydrat nuf ’znm Teil bei Alkalihydro- 
lyse zersetzt wird. 

Um die oben dargestellten Annahmen zu bestatigen, habe ich teils mit 
reinen Industrie-Eiweisspraparaten (Albumin aus Ei und Albumin aus Blut, 
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,Schering-Kahlbaum), teils mit mehrmals ausgefallten SeruiUDroteinen 
Versuche ausgefubrt. Trotz mehrstiindiger Hydrolyse mit 60 %iger KOH- 
Ldsung ist bei alien diesen Versuchen stets ein mit Alkohol ausfallbarer 

nacb Siiureliydrolyse reduzierender Rest Qbriggeblieben, dessen Menge’ 
als Glykose angegeben, auf 0.1— 0.2% von der Menge des Eiweisskorpers 
gestiegen ist. 

Dutch diese Versuche ist metnes Erachlens bindend erwiesen, dass die auj 
Pjlugerschc Vcrfuhren gegriindcteti Bestimmungsmethoden unbrauchbar sind 
zum mindestcn bei der Bestimmung des Glykogens aus dem Blut, in dem 
einerseils der Glykogengehah niedrig und anderseits die Menge des Ehveisses 
laid iveiiigstens tciUveise seiii KohlehydratgehaU (die Glykoproteide des Elutes) 
verkdltnisindssig hock sind, soweit man den Begriff Glykogen nicbt ganz 
neuzufasscn gedenkt, indem man unter ibm, wie Golandas es getan hat, 
einen der Alkaliliydrolyse widerslehenden Substanz verstebt, der aus- 
driicklicli np,ch der Pfliigerschcn Meiliodc aus Blut ausgefallt ist. 

Auf Grund des oben Dargestellten sind die verbaltnismassig bohen 
Glykogenwerte zu versteben, die man mit der Pfiagerscben Methode fiir 
Blut crlialten hat und die bei den verschiedenen Verfassern von 10 bis 
40 rng % und nocb bdber gescluvankt baben. 

Ein anderer Weg bei der Untersucbung des Glykogengebalts bcsteht 
darin, dass man statt der Hydrolyse zunachst die Eiweisskorper ausfallt 
und das Glykogen aus den Filtrat besfimmt. Die einzige eigentliche auf 
dieses Prinzip gegriindete Mikromethode ist die von de Jongh und Pla- 
nelles, bei der das Blut durcb Trichloressigsaurc enteiweisst wird, aus dem 
Filtrat das Glykogen durcb Alkohol- Athergemisch ausgefiilit und dadurch 
bestimmt" wird, dass man die Intensitat der so entstandencn Triibungmil 
einer fertigen Verdiinnungsserie vergleicht. 

Bei meiner Methode, die sicb auf die oben dargestellte griindet, wird das 
Blut ebenfalls durcb Trichloressigsaurc entei\veisst; danach setzt man zu 
einem Teil Filtrat 2 Teile 96 %igen Alkohol und bestimmt nephelome- 
trisch die Intensitat der Titibung. Das aus tricbloressigsaurer Losungmit 
Alkohol ausgefallte Glykogen bildel eine besonders haltbare Triibung; zur 
Stabilisierung ihrer Haltbarkeit babe icb ibr nocb ehvas Digitonin zugcsetzt. 
Die Anwesenheit von Digitonin ist ferner dazu geeignet, die Hamolyse der 
Blutprobe vor dem Enteiweissen zu begiinstigen und dadurch die Gefahr 
dass das in den Blutzellen enthaltene Glykogen mit den Eiweisskorpern 
ausgefallt werden Iconnte, zu verringern. Die Verwendung von Alkohol- 
Athergemisch bei der Ausfallung des Glykogens ist nicbt noUvendig, well 
einerseits das Glidcogen in dem benutzten 60 %igen Alkoholgehalt quantita- 
tiv ausgefallt wird und da anderseits der A ther andere, nicbt zur Sacbe 
gehorige Stoffe ausfallen kann. 

Die Methode ist im einzelnen folgende; 

Die erforderlicben Losungen: 

50 mg %ige Digitoninwasserlosung 

30 %ige Trichloressigsaureldsung 

96 %iger Alkohol. 
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Ausfiihrung; 

In 2 ml Zilratblut werden 3 ml Digitoninlosnng sowie nacb einigen 
Minulen 1 ml Trichloressigsaure gegeben, danach wird zentrifugiert und 
filtriert. 2 ml Filtrat setzt man 4 ml Alkobol zu und nepbnlometriert 
nach 15 Minuten. Das Nephelometrieren babe ich mitdem Duposcqscben 
Kolorimeler ausgefuhrt. 

Die zu untersucbende Blulprobe muss unmittelbar vor der Bestim- 
mung genommen werden, da im Blut, wenn es sleht, verhaltnismassig 
sclmell Glykogenolyse eintreten kann; dagegen kann die Probe nach Hin- 
zufuhrung von Trichloressigsaure gut viele Stunden stehen, ohne dass ir- 
gendeine Schwund von Glykogen eintritt. 

Als Fehlergrcnze der Methode stellte sich i 5 — 10 % heraus, welcher 
Belrag als vollig befriedigend gelten kann. 

Bestimmt man das Glykogen auf die oben dargestellte Weise, so wird 
Wenigstens das freie Glykogen nicht mit den Biweisskorpern ausgefallt, 
denn einerseilszeigte es sich, dass das Glykogen in Trichloressigsaure leichter 
als in Wasser loslich war, und anderseits lasst sich das dem Blut zugesetzte 
Glykogen durch meine Methode quantitativ zuriickgewinnen. 

Eine Fehlermoglichkeit bei meinem Verfahren besteht darin, dass das 
Blut vielleicht andere Bestandteile als Glykogen enthalt, die nicht beim 
Enteiweissen wohl aber mit 60 %igem Alkohol ausgefallt werden. In Ver- 
suclien, die ich in dieser Hinsicht mit den verschiedenen normalen Bestand- 
teilen des Blutes angestellt babe, ist jedoch kein Stoff anzutreffen gewesen, 
der unter diesen Verhaltnissen wenigstens in dem Gehalt, mit dem er im 
Blut vorkommt, ausgefallt worden ware Oder der sonstwie auf die Starke 
der Glykogentrubung eingewirkt hatte. In Krankheitsfallen ist das nicht 
ehenso sicher. So ist zu bemerken, dass das Filtrat aus dem Blut vorwie- 
gend von Patienten mit Infektionskrankheiten nach Ausfallung mit Tri- 
chloressigsaure nicht immer ganz klar wird. Bs eiawes sich, dass die Starke 
dieser Trtibung vom Trichloressigsauregehalt stark abhangig war. Ob- 
gleich die Trtibung sich in Alkohol aufzulbsen und die Grosse der erhalte- 
nen Werte von der Starke dieser Trtibung unabhangig zu sein schien, 
schliesst dennnoch ihr Vorhandensein eine Fehlermoglichkeit ein. 

Als Ziisammenfassung der Besprechung eiwaiger Fehlerquellen der Methode 
kann jestgesieUt werden, dass die Ergebnisse im iibrigen zuveiiassig sind, 
abgeselien daaon, dass man iiber die in Krankheitsfallen konstatierten gestei- 
gertcn Werte nicht mit voller Sicherheit aussagen kann, ob sie wirklich auf dem 
vennehrten Glykogengehalt oder auf irgendeinem pathologischen Bestandteil des 
Blutes beruhen. 


Die klinischen Ergebnisse. 

Nach den fruher im Schrifttum dargestellten Angaben folgen die im 
J 'ogengehalt des Blutes festgestellten Veranderungen im grossen 
ganzen den Schwankungen des Blutzuckers. So behauptet man, Zuckerbe- 
astung und Adrenalin bewirkten gesteigerte und Insulin herabgesetzte 
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Werie sowie Storungen im Glykogengehalt des Blutes traten bei Diabetes 
und ferner bei Leberkrankhciten auf (z. B. London und Entin, Wein- 
stein und Schatalowa, Staub und Golandas, Sikinami, Hosokowa und 
Oba). Da jedocb diese Ergebnisse durcb verschiedene auf Pfliigers 
Metbode gegrundele Bestimmungsmetboden erlangt worden sind, kann 
man ihnen bei der Beurteilung des Glykogengebalts im Blut ’keine 
nennenswerle Bedeutung zusprecben, Weswegen icb in diesem Zusammen- 
bang nicbt ausfubrlicber auf sie eingebe. 

Scbwarz und Gerson, die die Metbode von de Jongb und Planelles ange- 
wandt baben, erwabnen, der normale Glykogengebalt des Blutes sei etwa 
1: 100 000, also bedeutend niedriger als die obengenannten mit Pflugers 
Metbode erbaltenen Werte. Aucb die tibrigen Forscber, die statt AmVen- 
■ dung von Alkalibydrolyse die Ehvcisskorper ausgefiillt baben, sind des- 
gleicben zu 1 — 2 mg % Glykogengebalt des Blutes gekommen (z. B. Hup- 
pert), unabbiingig davon, wie die endgiiltige Glykogenbestimmung aus- 
gefiibrt worden ist. 

In patbologiscben Fallen begegneten Scbwarz und Gerson besonders 
im Zusammenbang mit Diabetes, sclnveren Leberkrankbeiten und bosarti- 
gen Gescbwulsten gesteigerten Werten; der Glykogengebalt konnte dabei 
bis auf einen Wert von.l: 2000 steigen; ausserdem fiibren sie an, in einein 
Lungenentziindungsfall einen boben Wert erbalten zu baben. 

Ich selbst babe an kliniscliem Material in 125 Fallen Glykogen- 
bestimmungen ausgefiihrt. Die Bestimmungen sind ausscliliess- 
lich an Blut, nicbt an Serum angestellt worden, und die Proben 
bat man morgens bei leerem Magen entnommen. 

Das Material umfasste 30 Gesunde oder ibnen Vergleicbbare. Bei 
ibnen alien wecbselte der Glykogengebalt des Blutes von 1 — 3 mg%. 

Entgegen den friiberen Kenntnissen waren im Zusammen- 
bang mit dem Diabetes keine nenn enswerten Veranderungen im 
Glykogengebalt festzustellen. Das Material entbielt 12 Diabetes- 
falle, von denen der grosste Teil aus sebweren oder mittelscbweren 
bestand. Bei 10 von ibnen war der Glykogengebalt des Blutes 
selbst bei fortgesetzten Untersuebungen ganz normal und nur in 2 
etwas gestiegen, namlicb auf 4 mg % und 5 mg %, trotzdem der 
Blutzucker gleicbzeitig betracbtlicb bocb, ja fiber 300 mg %, sein 
konnte. Bei Zuckerbelastung, in 5 Fallen von mir ausgefiibrt, 
konnten in den Glykogenwerten keine Veranderungen festgestellt 
werden, ebensowenig liess Insulin irgendeinen Einfluss erken- 
nen. Auf Grund dieser Ergebnisse ist es offenbar, dass dem Gly- 
kogen des Blutes im Kohlenh'ydratstoffwechsel keine nennenswerte 
Bedeutung zukommt. 
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Normale Werte traten ferner in alien 10 untersuchten Herz- 
insuffizienzfallen auf, t'rotzdem sie schwerer Art waren, desgleichen 
in alien Koronartlirombose-, Nephritis- und Ulkusfallen. Audi der 
Glykogengehalt dreier zum Material gehorenden graviden Frauen 
war normal, ehenso adcli der eines an schwerer Muskeldystrophie 
erkrankten Patienten. 

An Leberkrankheiten umfasste das Material ausser den 10 
obengenannten Herzinsuffizienzfallen, in denen alien es sich um eine 
ausgesprochene Stauungsleber handelte, insgesamt 6, von denen 

4 akute Hepatitis und 2 Zirrbose waren. Bei ihnen alien waren die 
Gtykogenwerte normal. 

Unter verschiedenen Krebsfallen war bei 12 Fallen der Glyko- 
gengehalt normal und nur bei 4 etwas gestiegen; der hochste fest- 
gestellte Wert war 15 mg %. Alle Falle, in denen gesteigerte Werte 
festgestellt werden konnten, waren in hohem Masse kachektisch, 
so dass die Veranderungen im Glykogengehalt des Blutes offenbar 
bei Krebskrankheiten in keiner Weise zum Krankheitsbild gehdren. 

Die grdssten festgestellten Veranderungen traten in meinem 
Material im Zusammenh'ang mit Lungenentziindung auf. So belief 
sich der Glykogengehalt bei 6 katarrhalischen Pneumonic auf 
7, 8, 9, 10, 12 und 15 mg % und bei 15 Fallen von lobarer Pneu- 
monie, bei 6 auf 10 — 15 mg %, bei 4 auf 15 — 20 mg % und bei 

5 auf fast 30 mg %. Die Glykogenwerte blieben im grossen gan- 
zen ehenso lange gesteigert, wie das Fieber andauerte. Bei sonsti- 
gen Infektionskrankheiten wurden nur in einem Endokarditis-Fall, 
in dem^ der. Glykogengehalt 10 mg % betrug, erhohte Werte fest- 
gestellt, dagegen waren die Werte normal bei schwerer Sepsis, bei 

6 Fallen von Geienkrheumatismus, 8 von Pleuritis und 5 von 
Angina tonsillaris. Desgleichen war der Glykogengehalt normal 
bei chronischen Infektionen, wie Tuberkulose und Lues. 

Wie bereifs im Zusammenhang mit der Bestimmungsmethode 
angefuhrt, lasst sich von den gesteigerten Werten nicht mit Sicher- 
heit aussagen, ob sie wirklich auf erhohtem Glykogengehalt beru- 
hen. In Anbetracht dessen, dass sie vorwiegend im Zusammen- 
hang mit Infektionskrankheiten und namentlich Pneumokokken- 
infektionen auftraten, ist der Gedanke naheliegend, dass die Ur- 
sache wirklich wohl nicht im Steigen des Glykogengehalts, sondern 
in den Bakterien- und vornehmlich in den Pneumokokkenpoly- 
sacchariden liegt. 
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Zusammenfassung , 

Als Zusammenfassung des Obigen kann festgestelltwerden.dass 
der Glykogengehalt im Blut der Gesunden sehr niedrig ist und auf 
nur ein paar mg % steigt. Nach Zuckerbelastung und Insulin- 
injektion konnen in den Glykogenwerten des Blutes keineVer- 
anderungen festgestellt werden, ebensowenig in nennenswertem 
Masse im Zusammenhang mil dem Diabetes, so dass dem Glykogen 
des Blutes offenbar keine Bedeuiung im Kohlehgdratsioffwechsel zu- 
kommt. Gesteigertc Glykogenwerte warden in Material eigentlich 
nur bei Pneumonie liesonders bei krouposer, festgestellt. Der 
Verfasser ist jedocli der Ansicht, dass dieser Anstieg mit grosser 
Wahrsclieinlicbkeit nicbt auf der Erhohung des Glykogengehaltes, 
sondcrn mdglicherweise auf den Bakterienpolysacchariden be- 
rulit. 
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Uber den Wert des Serumbilirubins, bei welchem 
Ikterus direkt sichtbar wird. 

Von 

TORBEN K. WITH.i 
(Bei der Redaktion am 27 April 1943 oingegangen). 


Untersuchungen fiber den Ikterus-Grenzwert des Serunibili- 
rubins sind bisher nur mit veralteten und ungenauen Analyse- 
methoden durchgeffilirt worden. Wir haben deshalb dieser Grenz- 
wert mit raoderner Methodik (Jendrassik und Grof’s Methode oder 
Witk’s Mikrometbode) untersucht. Unserc Ergebnisse sind in einem 
Diagramm dargestellt. Das klinische Urteil fiber das Vorlianden- 
sein Oder nicht von Ikterus (im Diagramm mit +, (+) und 0 
bezeichnet) ist bei den Erwachsenen stets vom Verfasser selbst, 
bei den Neugeborenen von Dr. E. Hj. Larsen vorgenommen. Es 
wurden 35 Envachsene und 46 Neugeborene untersucht. 

Das Diagramm zeigt, dass die Iklcnisgrenze jur Envachsene ciiva 
2.5 mg pro 100 ml ist, fiir Neugeborene aber bcdeiitend hoher, eliva 
9 mg pro 100 ml. 

Dieses eigentfimliche Verhaltniss ist, soweit uns liekannt, nicht 
friiher beobachtet v^orden. 

Friiliere Untersuchungen iiber diesen Grenzwert sind sparlich. v, d. 
Bergh (1918) gibt einen Grenzwert von etwa 2 mg pro 100 ml an. Meulen- 
gracht (1920) fand den Grenzwerl 10 — 15 als Ikterusindex gemessen, was 

^ Die Untersuchungen sind mit Unterstutzung von P. Carl Petersens Fond 
durchgefahrt. 
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ach With (1942, Tabelle 3 nnd 4) Serumbilirubinwarte zwischen 1 und 
2 entsprechen durfc. Amenkanisclie Untersucher [Davidson und Jlilwh 
(1941) Waugh und Mitarb. (1940)3 fanden fur Neugeborene Grenzwerte von 
etwa 5 mg pro 100 ml.; sie arbeiteten aber mit Analysemethoden, die zu 
niednge Werte geben, und man muss also damit rechnen, dass der wirk- 
liche Grenzwert fiir Neugeborene noch hoher liegt (vgl. Larsen und With) 
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Aus den sparlichen vorliegenden Untersuchungen diirfte man also .loch 
bereits den Schluss gemacht haben, dass der Grenzwert bei Neugeborenen 
Weit hoher liegen muss als bei Erwachsenen; man hat aber diese Schluss- 
volgerung nicht gemacht — wohl weil friihere Untersucher immer entweder 
Neugeborene Oder Ervvachsene und niemals diese beiden Patientenkate- 
gorien zusammen untersucht haben. 

Wir haben die moglichen Ursachen des Unterschiedes der Grenz- 
werte untersucht ohne zu einer endgiiltigen Erklarung zu kom- 
men. Erstens konnte man sich denken, dass die Beurteilung des 
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Ikterus’ bei Erwachsenen hauptsachlich an den Sclerae vorgenom- 
men wiirde, die Beurteilung bei Neugeborenen dagegen an der 
Haul;, dies muss naturlicli sein, da die meisten Neugeborenen ihre 
Augen fast gesclilossen halten. Hierdurch kann ganz gewiss ein 
gewisser Teil des XJnterscbiedes erklart werden, aber nur ein klei- 
ner Teil, da wir viele Envachsene mit deutlicbem Hautikterus und 
’ Serumbilirubin zwischen 3 und 4 mg pro 100 ml beobachtet haben. 
Weiter konnte man denken, dass bei der roten Farbe der Haul 
vieler Neugeborenen die gelbe Farbe schwieriger zu beobachten sei; 
da die rote Farbe aber nicht-konstant ist und oft nur die ersten Tage 
nach der Geburt gefunden wird, kann sie kaum eine grossere Rolle 
spiel en. 

Eine andere Mogliclikeit ist, dass das Bilirubin der Neubegorenen nicbt 
mit dem der Erwacbsenen ganz identiscb ware, und zwar in solcher Weise, 
dass es verhaltnissmassig scliwacbere Gelbfarbung uns starkere Diazoreak- 
tion gabe, Dadurcb konnte eine schwacbe Gelbfarbung der Haut bei hohe 
SerumAverte erklart werden, da die Serumwerte ja bei der Diazoreaktion 
bestimmt Averden. Dass dies nicht der Fall sien kann, geht aber aus den 
Untersuchungen With’s (1942, Tabelle 3) liervor, indem er dasselbe Ver- 
haltniss ZAAdschen Ikterusindex und Diazoreaktion (nacli Jendrassik und 
Grof gemessen) fiir ikterische Sera Amn ErAvachsenen und Negeborenen fa'nd. 

Noch ein anderer Umstand von einiger Bedeutung ist AA'eiter der bolie 
Volumenindex des Elutes der Neugeborenen. Nach Vahlquist {1941, S. 
180 und S. 183) ist der Mittehvert des Hamatokritwertes des Blutes in der 
ersten 14 Lebenstagen zAAdschen 51 und 58, AA'ahrend derselbe fiir ErAA'ach- 
sene nur etwa 36.7 ist. Das Volumen des Plasm? s ist also bei den Neuge- 
borenen nur etwa 40 — 50 % des Gesamtblutes gegen etAva 65 % bei Er- 
AA'achsenen. Da infolge Bennholds (1932, S. 339) Untersuchungen — 
spater A'on Waldenstrom und Pedersen und auch von den Untersuchungen 
von Snapper und Bendien bestatigt — die ikterische Farbe der Haut ganz 
uberAAdegend durch ihren Blutgehalt und nicht durch Adsorption des Bili- 
rubins an GeAA^ebsteile bestimmt ist, muss man annehmen, dass Neugebo- 
renen fmit 40—50 Plasma) eine etAvm 1.3— 1.6 mal (65/50—65/40) 
hohere Ikterusgrenze als ErAA'achsene (mit etAA'a 65 % Plasma, haben 
mussen. 

Samtliche oben angefuhrten Umstande konnen jedocb kaum 
die 3 bis 4 mal hohere Ikterusgrenze der Neugeborenen erklaren. 
Auch andere -Faktoren mussen Bedeutung haben; z. B. konnte 
man denken, dass, da alle Neugeborene grossere Serumbilirubin- « 
AAerte als ErsA'^achsene haben, der klinische Beobachter ganz unvill- 
kurlich eine geAAusse Gelbfarbung fiir normal rechnet und eine star- 
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kere Gelbfarbung verlangt als bei Erwachsenen, urn iiber Ikterus 
zu sprechen. Weiter kann man nicht ausscbliessen, dass die Haut 
der Neugeborenen vielleicht weniger offene Kapillaren und kleine 
Gefasse als die Haut der Erwachsenen hat, was schwachere Gelb- 
farbung bei demselben Serumbilirubin mit sich fuliren sollte. 
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From the Copenhagen County Hospital in Gentofle, Medical Department B 
(Chief: E. Rosling, M. D.) and Pathological Department (Chief: A. Soeborg 

Ohisen, M. D.). 


The Importance of Sternal Bone-Marrow Biopsy 
for the Diagnosis of Familial Acholuric Jaundice.* 

By 

A. S0EBORG OHLSEN, M. D., and EJNAR ROELSEN, M.D. 
(Submitted for publication March 11, 1943). 


The picture of fully developed familial hemolytic icterus with 
the cardinal symptoms anemia, acholuric jaundice, and splenic 
enlargement in an individual of a family in which similar cases 
occur, is so characteristic that the diagnosis nowadays may be 
said to cause no difficulty. Since the turn of the century, when 
Minkowski drew attention to this syndrome, the literature about 
this subject has become so comprehensive that it is difficult to 
survey it. A good survey of the historical development, clinic, 
pathophysiology and pathogenesis of the syndrome is supplied for 
example in the monographs by Meulengracht (1918 — 22), Gansslen 
and co-workers (1925) and Grippwall (1938). 

In no small number of cases lacking one or, sometimes, several 
of the chief s3’'mptoms, it may be difficult to make a diagnosis. 
This also holds for those cases where the chief hematological crite- 
rion, the increased fragility of the red-cells in hypotonic saline solu- 
tions, is a])sent. 

The osmotic resistance of the red-cells to hypotonic salt solu- 
tions is almost always lowered. This reduction may he slight, and 
several cases even with normal resistance have been observed. 
Gansslen reports that 10 of the 100 cases observed by him presented 

1 Paper read in abridged form at the meeting of Dansk Selskab for intern 
Medicm, May 31st, 1942. 
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normal resistance. Dawson in accordance with this reports 5 out of 
40 cases without decrease of resistance. Meulengracht (1918) like- 
wise emphasizes that this sjnnptom is not pathognomonic. It is 
possible that these relatively few cases with perhaps only apparently 
normal osmotic resistance may be disclosed with the help of a 
quantitative technique such as that suggested by mitby & Hynes 
and Creed. Whereas the usual method for determining the osmo- 
tic resistance is known merely to establish the incipient and total 
hemolysis in a number of NaCl solutions of various strength, the 
mentioned quantitative methods aim at determining the percent- 
age of hemolysis in the single salt solutions. This technique appears 
somewhat troublesome in the daily clinical work. 

"SWiat prompted us to commence the examinations of sternal 
marrow which will be described in the following, was considerations 
about the amount of importance to be attributed to a moderate de- 
crease of osmotic resistance in a patient who presented anemia, 
acholuric jaundice, and splenic enlargement. 

Before entering into details we shall briefly review the previous 
investigations in this question. 

Previous Investigations. 

It has long been known that familial acholuric jaundice is asso- 
ciated with greatly increased erj'thropoiesis. Tlie constant hyper- 
hemolysis acts as an indirect stimulus upon the red bone marrow. 
The clinical condition depends on the greater or less equilibrium 
between the severity of the destruction processes in the blood 
stream, particularly the spleen, and the degree of the erythropoiesis. 
Even though the function of the bone marrow thus actually is just 
as important a factor in the hemolytic syndrome as the hemolytic 
processes occurring in the peripheral blood and their reflection, the 
marrow as an object of examination has not previously been the 
subject of so much attention as the easily accessible peripheral 
blood. 

When Meulengracht wrote his monograpli 24 years ago, there 
was only one case on record in the literature, namely, Guizetti s case 
where the marrow was examined. There was found a very hyper 
active erythroblastic marrow. At that time Meulengracht ^\rote. 
)>. . . although there exists only a single examination, it certainly is 
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wsrrflntsblc to assume that it illustrates a rule, and. that the said 
finding is typical of the disease . . .» Subsequently several investi- 
gations in bone marrow have been published. Vaughan (1936) in 
her book mentioned 6 cases, all of which were examined postmort- 
ally however. 

Since the introduction of puncture of the sternum into the 
clinic in the nineteen-twenties (Seyfarth), and particularly after the 
appearance of Arinkin’s method of aspiration of the sternal bone- 
marrow, there have in recent years been published a good many 
papers about the aspect of the marrow in chronic familial acholuric 
jaundice. The first case of intravital examination of the marrow 
was reported by Weiner & Kaznelson (1926). In the marrow blood 
of that patient were found 63,8 per cent of normoblasts and 11 per 
cent of nuclei, probably nonnoblast nuclei. Converted per 400 cells 
of the »white systemo, this finding corresponds to 705, or rather 
1187, normoblasts. Similar results w’ere reported by Dameshek (3) 
(2 cases), Ldwinger (6 cases), and de Weerdt (6 cases). The greatest 
number of erythroblasts was reported by Totterman Avho in his 
patient found 1893 nucleated )>red-cells» altogether per 400 )Avhitc». 

The results of these investigations arc perfectly alike. All 
show an exceedingly increased erythropoiessis, but w'ithout signs 
of lacking maturation of the erythrocyte prophases. Only Totter- 
man has in his patient observed a single megaloblast. Both Lowinger 
and de Weerdt report lacking parallelism beUvecn the degrees of 
anemia and erythropoiesis. 

The Authors’ Examinations. 

Tlie patient with whom our investigations commenced, present- 
ed the typical symptoms of chronic acholuric jaundice, but only 
a very moderate or doubtful decrease of the osmotic resistance of 
the erythrocytes. 

The patient was a 10 year old girl: K. A. S. G. Medical Department B. 
Case report No 1436/41, 15/8—13/11 41, and 15/9—30/9 42. Only child of 
healthy parents. No similar cases in the family. History of antecedent 
varicella and whooping cough. Since the age of 4, recidivating bronchitis. 

It is reported that the child has had icterus »for a long time», at anj’’ rote 
18 months. During that lime there are reported frequent attacks of pains 
of uncharacteristic nature in the abdomen. Scarcely any rise of tempera- 
ture, Stools not acholic. Urine not dark in colour. 




Fig. 1. 


Objective exaDiiuation: Very pale, fair, overgrown girl of somewliat 
■oasiatiC') appearance (see Fig. 1). 

Nutrition fairly good. There is distinct scleral icterus, doubtful icteric 
colour of the skin, SUulI, eyes, ears, nose, nothing abnormal. Throat nor-' 
mal. Tongue slightlj”^ furred, moist. Teeth good, but the upper incisor teeth 
with concave, slightly irregular borders (after a dental fracture incurred a 
twelvemonth ago). At the anguli, lymph nodes the size of a hazelnut. 
Othersvise no demonstrable glandular swelling. Stethoscopy of lungs and 
heart normal. Abdomen a little big, the lower segment bulging out some- 
what. Liver not enlarged, tlie apex of the spleen, however, being palpable 
.just below the left costal margin, particularly on deep inspiration. No 
ascites. Spine normal. Off pars lumbalis, a well developed knot of hair. 
J3xtremities normal. Patellar reactions normal. The skin somewhat dry 
everywhere. 

Special examinations ; Height 140 cm. Weight 30 34.5 kg. Tempera- 

ture normal. Urine of normal colour, without albumin and sugar; -f 
urobilin 1: 10, varying up to 1: 100. On admission: Hb. 51 %. Red blood 
corpuscles 2.17. Colour index 1.11. Volume index 1.03. Microscopy of 
erjThrocytes; Mean 7.6 p, (max. 9.5, min. 4.4). Halometry; 7.G p. White 
blood corpuscles: 2000. Smears: Polj'morphonuclear 53 per cent, eosino- 
phils 3 per cent, lymphoc 3 de.s (large) 4 per cent, l 3 'mphocytes (small) 36 
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Table 1. 


Date 

Incipient hemolysis 

Total hemolysis 

21/8 41 

at 0.52 

per 

cent 

at 

0.40 per 

cent 

22/8 » 

» 0.52 

d 


j> 

0.38 


1> 

5/9 

» 0.48 

t) 


f> 

0.28 

»> 

0 

18/9 » 

» 0.48 

1> 


i> 

0.24 

ft 

» 

10/10 >' 

« 0.46 

n 


a 

0.34 

ly 

t> 

24/10 » 

» 0.48 

» 

» 

» 

0.34 


» 

15/1 42 

» 0.52 

» 



0.38 

» 

A 

9/4 

.) 0.48 

D 


» 

0.32 

» 

» 

26/5 » 

» 0.54 

» 


1} 

0.30 

n 

» 

4/9 » 

.) 0.50 

A 

a 

f> 

0.40 ■ 

» 

J> 

7/10 » 

* 0.48 



f) 

0.30 

» 



per cent, monocytes 3 per cent, plasma cells 1 per cent. Moderate aniso- 
poikilocytosis. -|--f polychromasia. Reticulocytes about 50 to 95 per mille. 
Thrombocytes 205,000. Icterus index (Meulengraclit) 30. Bilirubin deter- 
mination a. m. van den Bergh: indirect, no direct reaction. 

Several -blood examinations performed during the hospital stay substantia- 
ted the above-recorded values: S. R. 13 — 5 mm. reaction and 

Kahn reaction negative. Maniowte (I'/IO mgm.) negative. Galactose test 
{performed twice) (administered 40 g): (i) excretion of 1.G3 g), (2) no 
excretion of galactose. 

The osmotic resistance of the erythrocytes is evident from Table 1. 

a:-ray examination of lumbar spine; Spina bifida of lumbar vertebra V. 
•T-ray of skull and long tubular bones (May 1942, when the clinical condi- 
tion Avas exactly the same as on admission) disclosed no pathological 
hone processes such as may be found in various forms of hemolytic anemia, 
especially Cooley’s erythroblast anemia. 

Examination of the parents; 

Mother: Hb. 115 per cent. Icterus index 2. Osmotic resistance; 0.52. 
0.36. 

Father: Hb. 112 per cent. Icterus index 5. Osmotic resistance: 0.52 -> 
0.36. 

Summary; In a girl, aged 10, of healthy parents, are found (1) 
severe anemia, (2) icterus, (3) splenic enlargement, (4) reticulocyto- 
sis, (5) positive indirect and negative direkt van den Bergh reaction, 
(6) acholuria and positive urobilin reaction, (7) doubtful or slight 
decrease of the osmotic resistance of the erythrocytes, and (8) nor- 
mal micrometry. 

— Acta med. scandinav. Vol. CXIV. 
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Table 2. 

Sternal punctate from patient h!o. 1. 

400 ceils of the while system were counted. The numbers represent the ncr 
ceiituiil distribution, the bracketed numbers representing mitoses ^ 


Date 

9/9 1941 

21/10 1941 

iMyel oblasts 

l.'.S 

C.50 

Promyelocytes 

2.50 

0.75 

Neutrophilic myelccytcs 

31.75 

23.25 

Eosinophilic myelocytes 

7.25 

5.00 

Basophilic myelocytes 

0 

0 

Metamyelocytes + leukocytes with rod-shaped 
nuclei 

19.75 

30.00 

Polymorphonuclear neutrophilic leukocytes 

10.25 

18.50 

Eosinophilic leukocytes 

2.00 

0 

Basophilic leukocytes 

0 

0 


22 50 

15.50 

0 

Monocytes 

0.25 

Plasma cells 

0.25 

0 

Mcgakaryccjtes 

0.75 

0.50 

Reticular ceils 

0.00 

0 

On 400 cells of the »while syslcin»; 



Erythrogonia 

88 (1) 

90 (C) 

Erythroblasts (basophilic) 

403 15) 

371 (8) 

Erythroblasts (eosinophilic) 

875 

868 

.Megalogonia 

0 

8 


Diagnosis: On the ground cf the clinical picture and the result 
of the examinations, we thought there was a question of a so-called 
isolated case of chronic hcmotytic icterus with but slight decrease 
of resistance. Other forms of hemolytic anemia we did not think it 
necessary to take account of. From a hematological viewpoint,, 
there might be reason to take Lederer’s anemia into consideration 
but, on account of the distinctly chronic course of our patient’s, 
disease, we thought it warrantable to pay no regard to that either.. 
Infantile or congenital liver cirrhosis is mentioned merely for 
theoretical reasons. The picture is not consistent with it at all,, 
amongst other things because of the absolutely negative result of 
the galactose test. In order, however, to insure our diagnosis, we 
submitted our patient to sternal puncture. The results of the 
puncture and of a reexamination are recorded in Table 2. 
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Fig. 2. Sternal punctate frem patient Xo. 1. 
iSHcrophoto, eulErgcment 1 ; 800. 

Note the numcrois crythroblasts and several erythrogonia. 


In both punctates the red corpuscles were strongly coloured 
and presented pronounced anisccytosis and polychromasia. The 
first punctate presented some macrocytesis. Fig. 2, a microplioto of 
the marrow blood (919), Ns'ill sersm to illustrate Table 2. 

This picture of exceedingly hyperactive bone marrow substanti- 
ates our diagnosis; Chronic acholuric jaundice. It agrees with the 
descriptions cf marrow which have been published in connection 
Avith this syndrome. 


Course: Ths parents strongly objecting to surgiccl treatment, we 
(emporized at first. During her entire hospital stay, the patient received 
ferrum reductum 0.5 g. 3 limes daily but without any essentiel effect on 
the Hb. per cent. Tn the interim between the twohospitclstays, she received, 
besides the same dose of iron, intramuscular injections of sextr. hepa- 
lis Gea» 2 cm® (corresponding to 100 gr. liver) every 2nd to 3rd week, like- 
wise Avithout any effect on the condition. After her discharge, she reported 
repeatedly for control as out-patient. Hb. per cent slightly fluctuating, as 
a rule amounting to about 65. In the summer of 1942 (after an attack of 
measles) she was more exhausted. The condition in September (a twelve- 
month after the diagnosis had been made) being unchanged and the pati- 
ent both physically and psychically being at a stand, the parents gave per- 
mission for operation. On 3/10, in the surgical department A, splenectomy 
was performed (H. Bjerre, M. D.); the spleen weighed about 300 gr. On 
'/lO, another sternal puncture was performed. The result is recorded in 
Table 5 and will be discussed later. Icterus index 4 days after the opera- 
tion: 5. Reexamination about 2 months after the operation; Relative 



^ Blood Uro- 

platelets Leuko- | ^ g. 

permni=> cytes s eg 5 . 

of plasma • 



272,000 6,120 + 


280,000 5, 


0.60 0.40 260,000 4,620 + 



0.68 0.48 243,000 5,120 + 


0.54 0.40 190,000 0,200 + 

[0.56) (0.38) 




450,000 10,360 

(572,000) (6,000) {— ) 









Mother »always yellow#. Operation for gall-stones 
24 years ago. Always recidivating anemia and icter- 
us. Manages her hospital work satisfactorily but 
she snever feels perfectly well as others#. 


Sister of pat. No. 2. Likewise operated for gall-stones 
23 years ago. Her condition throughout the years 
the same as that of No. 2, her working-power, 
however, somewhat decreased. Recently, she has 
suffered from slight hypertension. 


Admitted to hospital on account of periodical pains 
under the left costal margin. Missed a good many 
days of school attendance. ^Always yellowish#. The 
paternal grandfather, father and a sister suffer from 
the same disease. Clinical condition at present 
satisfactory. 


Father of pat. No. 4. Always reacted strongly to 
infectious diseases. On performing hard work, 
especially brain-work, he readily becomes tired and 
yellowish. His clinical condition at present satis- 
factory. 


At the age of 3 — 4 short of breath and tired by 
playing. Examination by specialist w'ho detected 
*hcarl-complaint». During the last 9 months slug- 
gish and listless. No known cases of acholuric jaun- 
dice in the family. Nothing surely abnormal at the 
heart except great systolic extension in the middle 
of the prccardium and over the pulmonal artery, 
x-ray of heart: Nothing abnormal. EKG nothing 
reliably abnormal. After splenectomy: Wellbeing. 


During the last 4 years, recidivating icterus, After 
splenectomy, no such symptoms. 


Sister of pat. No. 4. Ahvays yellow. The intensity 
of the jaundice has fluctuated, periodically exa- 
cerbating with pronounced tiredness. Feels well 
since splenectomy was performed a tw'elvemonth 
ago. Still, she suffers from periodical tiredness. 
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Table i. 

Examimlion of sternal bone-marrow from G patients with chronic acholuric 

jaundice. 

400 cells of the DWlhte system') ^YC^c counted. The numbers represent the per- 
ccntinl distribution, the bracUclert numbers representing the number of mitoses. 


P.Uient No. 

2 

3 

4 

5 

6 

7 

Myeloblasts 

2..'! 

0.25 

0.5 

1.0 

3.25 

4!5 

Promyelocytes 

1.5 

2.0 

2.0 

1,25 

0.5 

2.25 

Xcutrophilic mj’clocytcs 

2.3.5 

2S.25 

20.0 (2) 

19.0 

23.25 (2) 

20.25 

Eosinophilic myclocyte.s 

2.0 

0.25 

4.5 

1.75 

2.25 

2.75 

Basophilic myelocytes . . 

0 

0 

0 

0 

0 

0 

Metamyelocytes -}- leuko- 
cytes with rod-shaped 







nuclei 

24.5 

30.5 

26.75 

33.25 

24.5 

28.25 

Polymorphonuclear neu- 







-trophilic leukocytes . . 

32.25 

21.75 

24.75 

25.5 

13.5 

26.00 

Eosinophilic leukocytes 

0.25 

1.25 

0.75 

1.25 

1.25 

0 

Basophilic leukocytes 

0 

0 

0 

0 

0 

0 

Lymphocytes 

13.50 

15.75 

20.5 

16.25 

31.5 

3.75 

Monocytes 

0 

0 

0 

0.5 

« 

0.25 

Plasma cells 

0 

0 

0 

0 

0 

0 

.Megakarj’ocylcs 

0 

0 

0 

0.25 

0 

0 

Reticular cells 

0 

0 

0.25 

0 

0 

0 

On 400 cells of the nvhitc 
system*; 







Erythrogonia 

to 

29 

14 

21 (i; 

25 

24 

Erythroblasts (Imsophilic) 
Erythroblasts (cosino- 

129 (G) 

171 (7) 

76(1) 

144 (7) 

209 (4) 

162,(3) 

philic) 

.'ilo 

308 

138 

201 

f.O 

214 

Megalogonia 

4 (i ; 

a few 

0 

1 

0 

6 


from the others by presenting, just as pat. No. 1, only a moderate 
decrease of resistance. It is also interesting that pat. No. 6 pre- 
sented the same somewhat peculiar »asiatic» phenotype as our pati- 
ent No. 1 (see Fig. 3), 

The results of the sternal bone-marrow biopsy are recorded in 
Table 4. 

To draw a parallel with the conditions of the marrow in normal 
individuals, the results are recorded graphically in a diagram (Fig. 
4) including as normal values the mean values from T. Svend Han- 
sen’s work about the bone marrow in the normal. 
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Fig. 4. 

A: Number of crythrogonia. D: Number of cry’lliroblasls. Hatched column = 
crythrogonia. Black column = crylhroblasts. White column = normal values. 

From this survey, and especially from the diagram, it will be 
seen that the erythropoiesis in all the patients was very consider- 
ably increased, even though not so extraordinarily as in pat. No. 1. 
^^^lereas the erythroblast concentration in the marrow blood of our 
first patient showed an increase of nearly 2500 per cent, our other 
patients presented a far more moderate, yet very pronounced 
increase of the erythroblast concentration amounting to from 250 to 
600 percent. With one exception (pat. No. 2) the erythrogonium 
concentration was likewise greatly increased, though not nearly so 
much as in patient No. 1. It might appear as if there were a certain 
correlation between the severity of the anemia and the degree of the 
erythropoiesis. We are not convinced of it however. Nor is it corro- 
borated by other investigators. We shall revert to it later. 

Just as other authors, we must admit that a difference between 
the erythroblasts in acholuric jaundice patients and the erythro- 
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Table 5. 

Examination of sternal bone-marrow of i splencctomized patients ivith acholuric 
jaundice (the cell numbers being the numbers of i>red-ccllsi) counted per 400 
counted cells of the white system))). 


Pfitieut No. 

1 

6 

7 

8 

HI), per cent 

91 

110 

90 

128 

Time elapsed after splenectomy . . 

3 days 

10 days 

3 weeks 

about 

1 year 

Erythrogonia 

Erythroblasts (basophilic) 

Erythroblasts (eosi)iophilic) .... 

9 

125 (5) 
70 

16 

13(1) 

25 

8 

70 (3) 
81 

12 

67 (5) 
102 


blasts of the normal is not detectable. We must emphasize that, 
when the anisocytosis is considerable, the marrow is found to con- 
tain not only small but also large erythroblasts, which may con- 
veniently be named macroblasts. By the differential count of the 
various marrow preparations, the red blood corpuscles are often 
found to be small, stained fairly intensely in the center, correspond- 
ing to the microspherocytosis. Moreover, anisocytosis varying 
according to the degree of the erythropoiesis, and often pronounced 
polychromasia are seen. 

It is very interesting that a few true megalogonia were found in 
the marrow blood of several patients (Nos. 1, 2, 3, 5, and 7). This 
phenomenon will later be discussed in detail. 

With regard to the )>white cell system)) it shall be mentioned 
that slightly increased leukopoiesis is frequently observed in these 
patients, quite normal findings not being infrequent however. 

To (2). In Table 5 are recorded the results derived from exami- 
nations of marrow from patients with acholuric jaundice after 
splenectomy. Our material comprises 4 patients, and the numbers 
refer to those in Table 3. 

On comparing Table 5 rvith Tables 2 and 4, the striking change 
m the bone marrow of the 4 splencctomized patients immediately 
becomes evident. The bone marrow which had been distinctly 
h^e^lastic has become but slightly so, almost like normal marrow. 
I he diagram, Fig. 5, compared with Fig. 4 will illustrate this. 
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Fig. 5. 

A: Number of erythrogonia. B: Number of crythroblasts. Hatched column = 
erj'throgonia. Black column = crythroblasts. White column == normal values. 


To (3). To make sure that the increase of the erythropoiesis 
was not due to tlie jaundice, we examined 2 patients with acute he- 
patitis and a degree of icterus corresponding to that of our patients. 
In both of them were found normal bone marrow conditions. Only 
the picture of the red bone marrow will be recorded (Table 6). 


Table 6. 


Number of cells found per 400 cells of the Dwliite system*. 


Case report No. 

1413/41 

1451/41 


13 

19(1) 

52 

H 
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Discussion. 

Just as other authors,, we find, by sternal bone-marrow biopsy, 
in patients suffering from chronic acholuric jaundice that the 
eiythropoiesis is increased extraordinarily. In all our patients 
whose clinical condition wdth one exception \vas relatively satis- 
factory w'hen the examination w^as performed, we found that the 
erythropoiesis had increased by several hundred per cent as com- 
pared with the normal. Only in a single patient (No. 1) did w^e find 
an exceptionally increased erythropoiesis, the erythroblast con- 
centration in the marrow blood, similarly to Totterman’s case, 
presenting an increase of about 2500 per cent. A common feature 
of these two cases is that they probably represent acquired or iso- 
lated chronic acholuric jaundice. 

As was mentioned before, these great individual differences in 
the erythropoiesis do not run parallel with the individual differences 
in the severity of the anemia. The individual differences in the 
strength of the erythropoiesis must be sought in individual dif- 
ferences in the severity of the hemolytic processes and the degree 
of inhibition of the marrow. Tlie anemia on the other hand depends 
on all these three components. The balance betw'een these three 
factors is decisive of the clinical condition. It is obvious that a bad 
clinical condition of long standing (as in pat. No. 1) associated 
with a low Hb. percentage, parallelled wdth constant extraordinarily 
increased erythropoiesis, must be the expression of an abnormally 
strong hemolysis of the erythrocytes in the blood stream or of an 
enormous inhibition of the marrow, or a combination of both. 

In this connection it shall be mentioned that the very degree 
of decrease of the osmotic resistance scarcely is a measure for the 
hemolytic processes. As was mentioned, the osmotic resistance in 
patient No. 1 was but slightly or doubtfully decreased. The result of 
the examination of the marrow, the enormous erythropoiesis, ma}' 
W'cll be interpreted as the expression of a strong reaction to severe 
hyperhemolysis. Considering, on the other hand, that the num- 
ber of leukocytes in our pat. No. 1 constantly was low, on isolated 
examinations below 3000, mostly between 3000 and 4000, the 
marrow picture also must probably in some degree be the result 
of a splenogenous marrow inhibition. Lack of iron as cause of a 
possible inhibition of normal maturation of the erythrocytes, as 
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that observed in simple achylic anemia, is out of the question. Iron 
therapy, as was mentioned, had no effect on the anemia. 

A fact which deserves attention is that we in several cases 
found megalcgonia, corresponding to Tottcrman’s megaloblasts. 
In general it may be said that the erylhropoicsis in chronic acholuric 
jaundice is distinctly erythroblastic, thus being diametrically 
opposed to the marrow in pernicious anemia. This latter, as is 
wellknown, is characterized by a pronounced megaloblastic type 
of regeneration. In Vaughan’s book, Turnbull thoroughly describes 
the appearance of the marrow in chronic acholuric jaundice. In 3 
out of 6 cases of chronic acholuric jaundice submitted to necropsy, 
microscopy of the marrow disclosed megaloblasts. In two of these 
cases there was a question of sconsiderableft quantities of these cells. 
Both these patients had died in sequel to a crisis. Turnbull declares 
that this shows that the erythropoiesis in chronic acholuric jaundice 
may become megaloblastic, and thus resemble the erythropoiesis in 
pernicious anemia. The mcgaloblastosis observed need not be .due 
to a hemolytic crisis. It may be the cause of a hemolytic crisis. 
According to Turnbull, it may be assumed that the hemolysis in 
chronic acholuric jaundice is compensated by a greatly increased 
normoblastic erythropoiesis, provided that the necessary A. P. 
factor is present. If this factor somehow or other is absent, megalo- 
blastic erythropoiesis will appear. Tims the appearance of cells of 
the megaloblastic regeneration type probably is a warning, exhort- 
ing to active intervention (splenectomy), at any rate to closer 
observation of the patient. 

The question now arises whether the marrow, in chronic achol- 
uric jaundice, has undergone such characteristic changes that defin- 
ite diagnostical conclusions can be derived from sternal bone- 
marrow biopsy in patients who are observed for this sy'ndrome. In 
our opinion, this question may be answered in the affirmative. In 
this connection it will be practical to recapitulate those forms of 
anemia which are attended with strong erythroblastic regeneration 
in the bone marrow. Slightly increased erythropoiesis is met with 
in most forms of anemia. Above all it is wellknown that the erythro- 
poiesis is distinctly increased in simple achylic anemia. Several 
authors (13, 2, 20, 24, 22) have examined this question with the 
help of sternal bone-marrow biopsy. According to those authors, 
the marrow blood of persons with this syndrome contains from 
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about 25 to 50 per cent of erythroblasls. The erythrogonium num- 
ber is reported to be normal however; An increase of the erythro- 
blast concentration to 50 per cent of the total number of cells is of 
the same magnitude as in some of our patients with acholuric 
jaundice. Such numbers are exceptions. Tims in Segerdahl’s 10 
patients 28.6 per cent was found on an average. Also in other forms 
of anemia, the erythropoiesis may reach heights similar to those 
found in achylic anemia. Segcrdahl thus particularly reports hemor- 
rhagic anemia just as Reimann who likewise stresses the increased 
ei^dhropoiesis in ))agastric)) anemia (after resection of the stomach) 
and anemias after different forms of enteritis. Buns Hansen recently 
published 3 cases of anemia after ingestion of litharge, with pro- 
nounced erj'throblastic changes of the bone marroAV. Here, too, the 
erythroblast values are on the same level as those which we find in 
acholuric jaundice, wliereas the number of crythrogonia, just as in 
the other anemias mentioned, is but slightly increased or within 
the normal limits. 

Tlierc are thus several anemic conditions, in which the bone 
marrow presents considerable erythroblastic hyperactivity. The 
highest degrees of erj^thropoiesis, however, are no doubt met with 
in chronic acholuric jaundice. This is evidenced by the fact that 
this syndrome regularly is associated with an increase of both 
erythroblasts and crythrogonia. 

Even though these similarities of the marrow pictures found in 
different forms of anemia, in certain cases perhaps are great, they 
do not detract from the value of the examination of the bone 
marrow as a differential-diagnostic aid in acholuric jaundice. When 
there is a question of this syndrome, there will be at our disposal 
certain clinical data and laboratory criteria that will help us to ex- 
clude other anemic conditions. 

Of considerable interest is our observation of the appearance of 
the bone marrow after splenectomy. The violent erythropoiesis 
ceases in the course of a very brief space of time. Instead of it 
appears a slightly though definitely hyperactive red bone marrow. 
This is a parallel to the changes of the osmotic resistance and of 
the form of the red cells before and after splenectomy. From sever- 
al works (19, 11, 14, 6), it is a wellknown fact that the decrease of 
the osmotic resistance and the microspherocytosis persist after 
splenectomy, even though both these functions change towards 
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the normal. Complete normalization is out of question except 
in acquired or isolated cases- where it was observed by Heilmeyer 
after splenectomy. The fact that the increase of the erythropoiesis 
persists after splenectomy indicates, just as the persistent decrease 
of the osmotic resistance and the persistent microspherocytosis 
that in acholuric jaundice there is a question of a hyperhemolytic 
action not only from the spleen but also from other organs, probably 
the entire reticulo-endothelial system. This opinion was already 
expressed in Meulengracht’s monograph of 1918. On the other 
hand, this persistent hyperactivity of the hone marrow might, 
perhaps, be utilized fcr the original conception of the pathogenesis 
of chronic acholuric jaundice, which was advocated particularly 
by Chauffard and which, as is known, terminated in the chief point 
of the syndrome being an abnormality in the erythrocytes them- 
selves. As was previously’' mentioned, however, there is no clue to the 
prophases of the erythrocytes in acholuric jaundice differing from 
those cells which are observed in normal erythropoiesis. The results 
of our investigation may thus be explained by the hemolysis theory, 
whereas, on the other hand, they do not positively support the 
theory of the primarily changed ery-lhrccytes. This discussion of 
the pathogenesis will not be entered into, however. It shall merely 
be mentioned that the different authors are far from agreeing about 
this point. Recent authors seem to side with the hemolysis theory 
(Lepel, Dameshck & Schwartz, Heilmeyer). 

Finally it shall be emphasized that the number of blood plate- 
lets was found to be normal in all those of our patients examined. 
This agrees Avith the reports of other investigators. We have found 
but one exception, namely, Lowinger’s patient No. 1, whose num- 
ber of platelets prior to splenectomy amounted to 70,000 and only 
became normal after it. These platelet findings in patients with 
so pronounced a blood regeneration do not support the theory 
according to which the platelets originate from the erythrocytes. 


Summary. 

1 . In a 10 year old girl who presented a so-called isolated case 
of chronic acholuric jaundice Avithout definite or AA'ith but slight 
decrease of the osmotic resistance cf the ery'throcytes, sternal bone- 
marrow biopsy revealed an extraordinary increase of the erythro- 
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poicsis. The erylhrol)lasl concentration was increased to 2600 per 
cent of that corresponding to the patient’s age, whereas tlic number 
of erythrogonia had increased by about 800 per cent. 

2. Greatly increased crylhropoiesis was likewise found in 5 
patients with tj^hcal chronic acholuric jaundice. The crythropoic- 
sis was not so strongly pronounced as in the first-named patient. 
The crythroblast concentration was increased by about 250 to GOO 
per cent, the number of crythregonia with one exception being in- 
creased by about 100 to 300 per cent. In a single patient with 
chronic acholuric jaundice without typical decrease of resistance, 
the erjdhropoiesis was found to l)c of tlic same magnitude. 

3. Sternal bone-marrow biopsies performed after splenectomy 
(4 cases) disclosed slightly though definitely increased erythro- 
poiesis. 

4. Tlic increase of the er^Thropoiesis observed in chronic achol- 
uric jaundice is far greater than in other anemic conditions, for 
example in simple achylic anemia and hemorrhagic anemia. In 
these conditions, the number of crythregonia is not increased, and 
the crythroblast concentration as a rule is considerably less in- 
creased. The picture of the marrow' found in chronic acholuric 
jaundice is so characteristic that sternal bone-marrow biopsy 
henceforth must play as great a part ns a differential-diagnostic 
aid as the usual laboratory criteria (the decrease of the osmotic 
resistance, microsphcrccytcsis, rcticulocytosis and Hijman van 
den Bergh’s reaction) which arc and remain so valuable in this 
syndrome. 

5. In a few' patients the marrow was found to contain isolated 
cells of the megaloblastic regeneration type (megalogonia). This 
finding is discussed on the ground of Turnbull’s investigations. 
It probably is an exhortation to close control of the clinical slate, 
eventually to active intervention (splenectomy). 

6. Tlie persistently increased erythropoiesis found after splenec- 
tomy, even though of moderate magnitude, is suggestive of this 
syndrome being associated w'ith hj-perhcmolytic processes in other 
organs than in the spleen, probably in the entire reticulo-endothcli- 
al system. This agrees with the persistence of the microspherocyto- 
sis and of the decreased osmotic resistance of the erythrocytes after 
splenectomy. 

7. In 7 of our patients the number of blood platelets w'as found to 
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be normal, finding is inconsistent with the conception of tlie 
origin of the blood platelets from the erythroblasts. 
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Anemia is a constant symptom of scurvy, but its cause is debat- 
able. Is it due to the factor tliat is so important to the diagnosis of 
scurvy; hemorrhage (tliough this must on tlic whole be described 
as very moderate), or is it due to a sliglit or abolished irritant (the 
C-vitamin itself) for erythropoiesis? It is possible that anemia is 
due to necrosis of the marrow vith circulatory disturbances as des- 
described by Turnbull, or perhaps they are right who hold that 
anemia in scurvy is simply due to the fact that a diet poor in C- 
vitamin is also poor in iron (Abt, Liu &Chu ct al.). A C-vitamin 
deficiency is thought to reduce the resistance to infection, for which 
reason Hansmann believes that anemia is the result of intercurrent 
infections. On the other hand, Faulkner suggests that the cause of 
the anemia occurring with many infections is the result of a rela- 
tive C-vitamin deficiency. Mettier, Minot & Tovmsend and Parson 
show in children and adults respectively that scurvy anemia reacts 
but sluggishly to iron treatment, whereas in patients suffering from 
scurvy, C-vitamin causes a prompt answer with reticulocytosis 
and a rapid increase of the haemoglobin percentage in the blood, 
whereas no similar effect was obtained either with large doses of 
iron or ^vith large quantities of C-vitamin-free liver extract. With 
27 — Ada med. scandinav. Vol, CXIV. 
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iron ascorbinate in very small doses (50 mg daily) Lorenz obtained 
a pronounced antianemic effect and therefore considered that 
C-vitamin exerts a specific effect on erythropoiesis. In this con- 
nection it may be added that C-vitamin has no effect on pernicious 
anemia (Vaughan). Thus, whereas it seems evident that scurvy 
anemia responds to treatment vnth ascorbic acid, its exact mode of 
action is still unclear. 

More recent investigations suggest that the apparent specific 
effect of C-vitamin depends at any rate to some extent on the fact 
that ascorbic acid facilitates the absorption of iron from the intes- 
tine. C-vitamin is strongly reducing and therefore may promote 
absorption by the conversion of the slowly-absorbable ferri-com- 
pounds to readily-absorbable divalent iron. Koch has made deter- 
minations on the serum-iron level and by means of C-vitamin per- 
orally obtained an increased absorption of iron, especially in perni- 
cious anemia. Lucksch, however, considers that this effect is an 
indirect one, for gastric secretion is stimulated. Schroder & Braun- 
Stappenbeck also indicate that the C-vitamin has an essential part 
to play in the absorption of iron, for they find extensive parallelity 
between serum’s content of C-vitamin and of iron in a number of 
different physical conditions. By administering C-vitamin orally 
they succeeded in raising the serum-iron level, whereas this was not 
apparent after giving ascorbic acid intravenously. 

However, there are no published investigations on the serum- 
iron level in scurvy. Its position is unquestionably of some interest 
and justifies the coir.n: unication of the follovdng: 

In the spring of 1942 we had the unusual experience of having 
four patients admitted to Department B vdth clinically manifest 
scurvy. Three of them were elderly old men living alone in straiten- 
ed circumstances and finding their own food. All four patients 
presented the classical clinical symptoms of scurvy: hemorrhages, 
muscular tenderness, and anemia; one had pronounced gingivitis. 
They thus conformed exactly to the cases described by Meulen- 
gracht. 

Table 1 contains the values for serum-iron (Heilmeyer & Plot- 
Tier’s method), serum ascorbic acid (Wahren) and the hemoglo- 
bin percentage (Sahli) for the four patients, who on hospitalization 
all had a hemoglobin percentage of lower than 60 and a serum 
ascorbic acid value of 0 or nearly so. Based upon his own investiga- 
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Table I. 





Scrum 




Days aftei 

Scrum- 

ascorbic 

Hb % 

Col. Index. 


bospit'n. 

Iron in y% 

acid iti mg 
% 


c. R. c? 70 years 

1 

42 

0.06 

60 

m 

1180/42 

8 

63 

0.15 

63 

■SB 


18 

63 

0.41 

GG 

0.92 


25 

89 

0.70 

64 

0.89 

V. P. $ 60 ye.ars 

3 


0.00 

50 

1.04 

968/42 

10 


0.03 

58 


• 

14 

36 

0.38 


1.07 


17 

.56 

0.64 




28 

51 

0.61 


0.94 


35 


0.87 


0.99 

L. P. P. 6 o7 years 

0 

42 

• 0.03 

■■ 

1 .03 

1150/42 

12 

84 


65 

0.93 


26 


0.12 


1,04 


29 

63 

0.44 

mM 


L. L. <? 64 years 

4 

35 

0,00 

53 

0.78 

1038/42 

11 

35 

0,15 

50 

0,04 


18 

49 

0.12 

05 

0.80 


21 

43 

0.23 

72 

0.83 


lions and those of others Vahlquist places the lowest limit of the 
normal value of scrum-iron at 50 y% nnd it will be seen from the 
table that lower values were found in all four cases when the pati- 
ents were admitted here. They were treated with both ascorbic acid 
and iron, so that the values for serum-iron and hemoglobin percen- 
tage rose, though slowly. 

In these fou,r cases of scurvy the anemia may have been due to 
iron deficiency, whether it was the result of a binding of the iron in 
the reticulo-endothelial system, which one sees in infections, 
malignant tumours and Hodgkin’s disease, of a licmorrhage (in- 
creased secretion) or of a reduced iron absorption. Schmorl, Harris, 
Fraenkel and Vaughan, however, on making a microscopic exami- 
nation of bone marrow in cases of scurvy found reduced action of the 
hemopoietic tissue; it is true that this does not preclude the first 
possibility, but it makes it less probable. The possibility of binding 
in the reticulo-endothelial system cannot of course be ruled out. 
In these four cases hemorrhage alone will not explain the low serum- 
iron values, and the marrow picture in scurvy argues that the 
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anemia was not due to bleeding. It is possible that these low values 
are the result of reduced iron absorption from the intestine, either 
because the iron content of the food was low or because the C- 
vitamin in some way has an influence on the iron absorption which 
if there is a deficit of ascorbic acid in the ingested food, -will be in- 
hibited. As pointed out by Vahlquist, however, there are so many 
hitherto unknown factors in the mechanism that regulates serum- 
iron that it is difficult to say that the cause of anemia accompanied 
by low serum-iron is a deficiency in iron. 

In the first three of our cases the almost normal colour index 
seems to argue against anemia caused by iron deficiency, and in all 
four cases both blood regeneration and increase of serum-iron seem 
to proceed more slowly under treatment than is usual with this form 
of anemia. But as all the patients were also treated with ascorbic 
acid, the conclusions that can be drawn as to the effects of the 
iron treatment must necessarily be limited. 

In order to see if there is any connection between the ascorbic 
acid in the blood and the iron in serum we shall report on three 
cases of anemia due to iron deficiency treated first with ascorbic 
acid alone, orally, then with a ferri-compound, followed by treat- 
ment with both ascorbic acid and ferri-salt. In all cases the treat- 
ment terminated with ferrous tartrate. 

These cases were two young women vdth chlorosis (essential 
juvenile iron deficiency anemia) and an older woman with simple 
achylic anemia. A brief extract of their case reports will be given 
below together wth the results of the more important examina- 
tions. Treatment and its results appear from the tables and the 
diagrams. 

No. 1. E. K. M. $ , 28 years, unmarried shop assistant. Had diphtheria 
when ten years old, and pneumonia when fourteen. Menses from fifteen, 
always regular. Du'ring past year otosclerosis duplex. Hospitalized be- 
cause for six months she had been tired and dizzj’’, with faintness and palpi- 
tation. Her diet had been somewhat sparse, but varied. 

Physical examination: Asthenic type. Weight 53,5 kg., height 163 cm. 
Hearing impaired. Teeth somewhat defective. Heart: Systolic murmur 
all over the precordium, othenvise normal. Wassermannreaction negative. 
Gonococcus complement fixation test: negative. Blood pressure: 120/60. 
Benzidine reaction on stools, repeatedly negative. Urine: nothing abnor- 
mal. X-ray of stomach: no sign of ulcer, stomach slightly slack. X-ray of 
lungs: nothing abnormal. Gynaecological examination: natural. Ewald 
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10 50 50 TO 90 dayi 


Diagram 1. 

The abscissa iudicatis the time in days; the ordinate mdicates hemoglobin 
in per cent, ascorbic acid in mg per cent and serum iron in y per cent. 

(1 y = 0.001 mg). 


test meal (20 mins.); 114, free acid: 0, total acidity: 12. H,istamine test meal: 
fasting secretion: quantity 8 cm®, free acid: 0, total acidity: 6. After % mg 
histamine-hydrochloride free acid was from 2 to 13. Total acidity: 17 — 39. 
Sedimentation rate: 6 — 1 mm. Platelets: 353,000. Osmotic resistance 
test; incipient hemolysis at 0,50 %, total at 0,36 %. Icteric index; 
3. Colour index; 0,52 — 0,83. Halometry; 7,1 /x. Leucocytes: 6200 — 8700, 
of which neutropliile polymorphonucleated 66 %, red-nucleated 5 %, 
monocytes 4 %, lymphocytes 25 %. The percentage of reticulocytes, 
determined ever 5 ’’ other day, was constantly lower than 1 %. The other 
results are shown in Table 2 and vizualized in diagram No. 1. 
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Table 2. 


Days after 
hospital’n. 

Hb. o/„ 

Red cor- 
puscles in 
millions 

Serum 
ascorbic 
acid in mg 
% 

Serum- 
iron in y% 

Treatment. 

5 

55 

4.90 

0,06 

17 

■ 


8 



0.67 



1 


12 

60 

5.73 

0.90 

25 




15 



1.02 

16 



Ascorbic acid 

19 

50 

4.20 

0.99 

38 



0.10 X 3 

22 



1.05 



1 


26 

55 

4.38 

0.81 ■ 

36 

■ 


29 



0.70 

24 

■ 

ferri oxydum 

33 

58 

5.31 

0.58 

21 

■ 

(■ saccharaturn 

36 



0.93 

14 



0.75 X 3 

40 

58 

4.59 

0.84 

29 




43 



0.38 

25 


r 

1 


47 

62 

4.73 

0.78 

28 


1 

Ascorbic acid 

50 

68 

4.82 

0.93 

44 


1 

0.10 X 3 

54 



0.73 

49 


1 


57 



0.70 

53 


1 

1 

Ferrous tartrate 

61 

70 

4.23 

0.64 

59 


1 

1 

0.50 X 3 

68 

75 

5.00 

0.75 

69 

■ 


82 

80 

5.64 

0.52 

97 

■ 


97 

88 

5.41 

0.09 

130 

1 



No. 2. A. P. IC. M. $, 25 years, unmarried shop assistant. Formerly well 
except that for several years had periodical, tardy, epigastric pains radiat- 
ing out to the back, alleviated by eating; never hematemesis; never observed 
melena. Menses always regular. Consulted doctor for timitus, slight palpi- 
tation, headache tiredness. 

Physical examination: Somewhat thin. Weight 48,5 kg, height 164 
cm. . Pale, not icteric. Hair growth natural. Tongue without papilla 
atrophy or pain, not tender. ■ Remainder of physical examination comple- 
tely normal, especially no oedema, heart normal. Temperature normal. 
Blood pressure; 115/90. Wassermann reaction negative. Ewald test 
meal (1 hour); 131 cm®, free acid; 56, total acidity: 90. Benzidine reac- 
tion on stools: negative (11 x). Urine: nothing abnormal- X-ray of sto- 
mach: some hyper-secretion. On the greater curvature of the duodenal 
cap is a niche, over pea size; on the lessor curvature a shadow suspiciously 
like an ulcer. Sedimentation rate; on admission 28 mm, later 1 mm. Pla- 
telets 304,000. Osmotic resistance test; incipient haemolysis at 0,44 %, 
total at 0.30 %. Leucocytes 4500 — 11800, of which neutrophile poly- 
morphonucleated 60 %, eosinophils 3 %, rod-nucleated 2 %, monocytes 
9, %, lymphocytes 26 %. Colour index: 0,73 — 0,78, volumetric index; 
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0.90, halotnelry; 7.1 (a. The other results are given in Table 3 and graphi- 
cally in Diagram No. 2. 

No, 3. K. C. P. ? , 63 years, wife of cartman. Wlien about 20 years 
old operated twice for hemorrhoids and hospitalized for gastric catarrh. 
At 55 years of age the patient had her uterus sewn up. One natural birth 25 
years ago, menopause from 45th year, since when has been well generally 
except for some nervous restlessness, moderate sleep and an anxious mind, 
until a month prior to hospitalization she became tired and sleepy, felt the 
cold easily. Rhagades appeared at the corners of her mouth. 

Physical examination: Well fed. Weight: 68,9 kg, height 159 cm. 
Rather pale, not icteric or cyanotic, no petecchiae, grey haired. Rhagades 
at mouth corners. Some papilla atrophy, but the tongue not quite smooth. 
Complete upper and lower dentures. Nails slightly frayed. Heart: normal. 
Some pigmentation of the knees, but not the elbows. No oedema Tem- 
perature normal. Blood pressure: 165/80. Wassermann reaction negative. 
Urine; nothing abnormal. Ewald test meal (20 min.): 5 cm®, free acid; 0. 



SEBUM-IRON IN SCUUVY 411 


Table 4. 


Days after 
hospital’ll. 

Hb. % 

Red cor- 
puscles in 
millions 

Serum- 
ascorbic 
acid in mg 
% 

Serum- 
iron in y% 

Treatment 

3 

45 

4.18 

0.32 

27 

1 


(5 



0.26 

63 

lS 

ferrous-tartrate 

10 

54 

3.87 

0.49 

90 

■ 

1 1.50 

17 

48 

4.47 

0.44 

5 

■ 

ifascorbic acid 

24 

49 

4.11 

0.32 

14 

r 


0.20 X 3 

31 

50 

3.73 

0.58 

34 



ferri oxydum sacch- 

34 



0.75 

10 



1 aratum 0.75x3 

38 

56 

4.70 

0.90 

20 

L 


ascorbic acid 

42 



0.55 


■ 

0.20 x 3 

46 

60 

4.12 

0.50 

31 

1 


49 



0.64 


1 


53 

70 

4.65 

0.49 

29 

■ 







■ 

•e- ferrous tartrate 

56 



0.52 

30 









0.50 x 3 

60 

77 

5.07 

0.35 

26 

■ 


65 

77 

4.09 

0.35 

27 

■ 


90 

93 

5.49 

0.15 

67 

1 


102 

90 

4.97 

0.00 

90 

■ 



total acidity: 12. Benzidine reaction on stools negative (12 x). X-ray 
of stomach: gastroptosis, as in the erect position the incisura angularis is 
over three-fingers’ width below the crislal line; otherwise normal. Sedimen- 
tation rate: 27 — 14 mm. Leucocytes: 3000 — 4700, of which neutrophil poly- 
morphonucleated 54 %, eosinophils 2 %, rod-nucleated 3 %, monocytes 
1 %. Lymphocytes 40 %. Colour index; on hospitalization 0.54 and on 
discharge 0.94. Other results shown in Table 4 and in diagram No. 3. 

It will be seen from the curves and the tables that the effect of 
the treatment described a fairly parallel course in all three cases. 
After the ingestion of ascorbic acid there was, as might have been 
expected, a distinct rise of serum ascorbic acid without any simul- 
taneous rise of serum-iron. The brief rise recorded by patient No. 3 
round about the 10th day must be attributed to the fact that 1.5 g 
ferrous tartrate was given by mistake. The hemoglobin percentage 
remains unmoved, no matter whether the treatment is ascorbic 
acid, ferrisalt or both. It is only with the ingestion of ferrous 
tartrate that we observe a pronounced rise of the blood hemoglo- 
bin percentage, and at the same time there seems to occur a fall 
in the serum ascorbic acid (Nos. 1 and 3). However, Patient No. 1 
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was discharged from the Department on the 61st day, and she 
would scarcely afford to continue to take ascorbic acid. As regards 
Patient No. 3, she ceased taking ascorbic acid when she began wth 
ferrous tartrate. 

Thus it will be seen that in these three cases of anemia the 
ascorbic acid had no influence on the serum-iron level, neither when 
given alone nor when together with a ferri-compound. The first dis- 
tinct increase is seen after the ingestion of ferrous tartrate. There 
is no doubt, however, that a marked increase of the serum-iron 
would have been found had there been an opportunity of conti- 
nuing the tests. 

Conclusion. 

A summing up of the results of our observations and investiga- 
tions would be as follows: In the four cases of scurvy there were 
serum-iron values considerably below the normal; all these pati- 
ents had simultaneously a moderately severe, normochromous or 
slightly hypochromous anemia, but one cannot venture to con- 
clude from this that scurvy anemia is due to iron deficiency. The 
relatively high colour index and the protracted course of the anemia, 
despite the ingestion of iron, if anything argues against it; but as 
stated these cases permit of only limited conclusions being drawn. 

In three patients with iron-deficiency anemia there were low 
values of both serum-iron and serum ascorbic acid in all cases, but 
from the experiments it seems clear that ascorbic acid plays no 
demonstrable role in the pathogenesis of these forms of anemia, 
as neither serum-iron nor blood values are affected by the ascorbic 
acid administered. Ferri-salts + ascorbic acid were likewise without, 
effect; the first pronounced effect is secured by ferro-salts. 

Thus the conclusion to be drawn from this investigation is a 
two-fold one, firstly that scurvy anemia is scarcely due to iron 
deficiency and is scarcely affected by administering iron, even if 
the low serum-iron values suggest an abnormal iron metabolism; 
secondly, that ascorbic acid has no influence on serum-iron and 
blood values in iron-deficiency anemia, though serum ascorbic 
acid in this state seems to be very low. 

It must therefore be assumed that scurvy anemia and iron-def- 
iciency anemia pathogenetically are two different states which pre- 
sent low serum-iron and serum-ascorbic acid values as a com- 
mon clinical feature. 
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Summary. 

A description is given of four cases of classical scurvy with skin 
hemorrliagc, muscular tenderness and anaemia; tliey are elderly 
men. In all cases there are low values for serum-iron and serum- 
ascorbic acid. After ingestion of ferrous tartrate and ascorbic acid 
the serum-ascorbic acid rises rapidly, but serum-iron and blood 
values only slowly. Two young women with chlorosis and an elder- 
ly woman with achylic anemia all have low serum-iron and serum- 
ascorbic acid values. After ingestion of ascorbic acid alone, and after 
ascorbic acid -}- ferri-salts, there is an increase of the ascorbic acid 
in serum but not of the serum-iron; this only increases after the 
ingestion of ferrosalt. From this it is concluded that even if the low 
values for serum-iron in scurv}^ indicate an abnormal iron meta- 
bolism, this disease is scarcely due to deficiency in iron. Conversely, 
ascorbic acid alone or ascorbic-acid -f ferri-salt has no effect 
in simple iron-deficiency anemia, even if there are low values for 
serum-ascorbic acid in this disease too. It must therefore be assum- 
ed that scurvy anemia and iron-deficiency anemia patbogenetically 
are two different states which as a common clinical feature present 
low values for serum-iron and serum-ascorbic acid. 
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In his monograph »Hypertension and Nephritis* Fishberg (3) 
says that renal insufficiency is divisible into three groups; 1) glo- 
merular, 2) tubular and 3) combined glomerular and tubular renal 
insufficiency, according to which elements of the kidney are parti- 
cularly exposed to the pathological process and are functionally 
affected. 

Glomerular renal insufficiency, which is characterized by reduced 
glomerulus filtration and retained tubulus resorption, excretion and 
synthesis, is diagnosed from oliguria, high spontaneous specific 
gravity, reduced inulin and kreatinine clearance, and normal values 
from the concentration test. Elective glomerular renal insufficiency 
occurs transitorily in glomerulonephritis acuta, in peripheral circu- 
latory insufficiency and terminally in cardiac insufficiency. 

Tubular renal insufficiency is characterized by reduced tubular 
resorption, synthesis and excretion as well as by preserved filtrat- 
ion. It is recognized by means of polyuria, reduced spontaneous 
specific gravity, normal inulin clearance and low values from the 
concentration test. This syndrome so far has been found only in 
Diabetes insipidus, whereas it has not hitherto been observed with 
any of the forms of Bright’s disease or other kidney diseases. 
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Fishberg states that in Bright’s disease, chronic pyelonephritis 
and other renal affections glomeruli and tubuli are influenced to the 
same degree, Avhereby combined glomerular-tubular renal insuf- 
ficiency occurs. When one finds combined renal insufficiency in 
cases of glomerulonephritis chronica and amjdoidosis renis, where 
one might have expected uncomplicated glomerular renal insuffi- 
ciency, tlie reason may be that the blood supply to the tubuli suf- 
fers when glomeruli are injured, as the blood supplying the tubuli 
first passes the corresponding glomerulus. 

On a number of patients with chronic nephritis and nephro- 
sclerosis Holten & Rehberg (5, 6) made simultaneous concentra- 
tion tests and filtration tests with kreatininc clearance. On tlie 
whole there was proportionality between these two renal function 
tests, and the authors conclude that the glomerular and tubular 
renal functions arc reduced in fairly equal proportions bj^ the 
advancing renal destruction caused by chronic nephritis. 

By means of the current renal function tests — urea clearance 
and concentration test — it is possible to obtain an approximately 
correct expression of the glomerulus filtration and tubulus function. 
More exact values for these partial functions may be had by simul- 
taneously determining the inulin clearance and (the tubular 
excretory mass, which is expressed by the excretion of diodrast 
(mg diodrast-iodine per minute) in the urine at a high plasma- 
diodrast concentration) (11). 

For some considerable time this Department has consistently 
made urea clearance and concentration tests on all patients suffer- 
ing from pyelonephritis and pyelitis, a disease which, thanks espe- 
cially to American authors [Longcope (8), Longcope & Winken- 
werder (9), and Weiss & Parker (12)] in recent years has attracted 
much more attention in the medical clinics than hitherto — not 
without reason, for undoubtedly it is one of the most frequent, if not 
the most frequent of all medical kidney affections. 

In the course of tliese tests it has been observed that some of 
these patients with acute, sub-acute and chronic (often quite latent) 
pyelonephritis have a greatly reduced and sometimes completely 
abolished power of concentration, whereas the same patients have 
given normal values for urea clearance and blood urea. 

To judge from the enormous quantity of literature on pyelo- 
nephritis, it would seem that this has not previously been noticed. 
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In 1936 Holten (4) reported on a case of hyperparathyreoidism 
with renal complications. This patient had a much reduced power 
of concentration and fairly well-preserved filtration (kreatinine 
clearance). Radiological examination of the kidneys revealed calcic 
accumulations corresponding to the medulla, which were assumed 
to have injured the cells of the t'ubuli electively. 

Holten & Rehherg (5, 6) in 1931 saw two patients (Nos. 49 and 
50) with chronic nephritis who had normal kreatinine clearance 
and reduced concentration; they assumed an isolated reduction of 
the tubulus function, but did not go into the cause of it. In the case 
reports of these two patients there is nothing to argue definitively 
against their having pyelonephritis; on the contrary, the former 
was a calculus patient and the other suffered from coliuria and 
dysuria. 

Our own material will be described in the following: 

1) Technique (7). • 

Urea clearance test on all female patients was perfonned as a 
catheter clearance (at the commencement and conclusion of the 
clearance period vesica were completely emptied by catheter). 
With the males catheter clearance was performed by hypertrophia 
prostatae and strictura urethrae. The clearance period was one 
hour. The test was made in the morning on patients in bed and fast- 
ing — and usually two or three times. 

Urea determination was according to van Slyke’s urease method, 
which was frequently checked with known quantities of urea. All 
clearance values are calculated as the maximum clearance. 

Addis-Sheuky’s concentration test: A dry diet was given from 8 
am. til 10 am. next day (26 hours’ thirst). The urine specific gravity 
was determined in two portions: from 8 pm. to 8 am. and from 8 am, 
to 10 am. Samples in which the first portion exceeded 600 cm® (25 
cm® per hour) and the second portion 100 cm® (50 cm® per hour) were 
rejected. In some instances the patients thirsted only for 24 hours, 
and the specific gravity was determined for only one portion (from 
8 pm. to 8 am.). The sp. gravity was determined by floating weight 
checked on distilled water at 20°, and by weighing. 

During the tests the patients were in bed and under strict control. 
None of them had manifest edema. No correction was made for 
albuminuria, which in all patients was of negligible order. 
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2) Control Material: 

With this technique tests were made of 20 arbitrarily chosen 
patients avIio Avere not suffering from renal affections and never had 
done so, and who had normal urine analj'ses and blood pressure. 
The values found are shown in fig. 1. Accordingly, the loAver limit 
for urea clearance and the concentration test Avas selected at; 41 
cm^ and specific gravity 1019. The same diagram contains the 
same function tests on the patients described below. 

3) Extracts from Case Reports: 

Pyelonephritis acuta. 

Case No. 1. ? , 23 years, 805/42. 

Pyelonephritis ac., Graviditas in M. V., Anaemia. 

Not had pyelitis before. Acutely ill mill cold shivers, temp. 40.G, 
pains in loins, dysuria, pollakisuria and turbid urine. Clearance; 1) (15 days 
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after beginning) 94 cm^. Diuresia/mimiJo: 10 cm*, 2 ) (20 days after onset)- 
57 cm=’. Diuresis/niinute: 7 cm*. Concentration tests: l) (is days after 
onset); 8 pm .— 8 am.; sp. gravity 1012 (410 cm*); 2) (28 days after onset)- 
S pm .— 8 am.-, sp. gravity 1013 (240 cm*). Blood urea; 21 mg 04 . Blood 
pressure: 120/70. Urine: + albumin. Esbach: Traces. Microscopy: + 4 - -|- 
leucocytcs, + cpilbclial cells, + + + bacteria. Growth of B. coli.* 

Csse No. 2 . $ , If) years. 1589/42. 

Pyelonephritis acuta, Graviditas in M, IV. Snrdilas. 

No previous kidney affection. Acute pyelitis in fourth month with cold 
shivers, temp. 40. pains in loins and dysuria. Clearance: (11 days after 
onset); 57 cm*. Diuresis/mimite: C cm-*. Concentration test; (13 days 
after onset): 8 pm .— 8 am.: sp. gravity: 1017 (.500 cm*); 8— 10 am.-. sp, gra- 
vity: lOlG (100 cm*). Blood urea: 21 mg %. Blood pressure; 110/70. 
Urine: -P albumin. Esbach; 0 . Mikroscopy; -p-p leucocytes, + growth of 
Staph, aureus. 


PycloJ^cphritis sithaatta — siibchronica. 

Case No. 3, $ , 27 years. 690/42. 

Pyelonephritis subac.-suhehron., Pneumonia, Anaemia, Emaciatio, 
Acute pyelitis gravidarum 3 months prior to hospitalization, which 
since recurred. The kidney trouble no subjectively sjunplom-free. Clear- 
ance: 1 ) (2 i/o months after onset of pyelitis): 40 cm*. Diurosis/minuto: 
6.7 cm*. 2) (3 months after onset of pyelitis): 40 cm*. Diurcsis/minute: 
0.7 cm®, Concontralion tests: 1) (2 months after onset) 8 pni. — 8 am.; 
sp, gravity 1010 (-too cm*); 2) (3 months after onset): 8 pm. — 8 am.; sp. 
gravity 1010 (640 cm*). Blood urea; 30 mg %. Blood pressure: 120 / 70 . 
Urine; -f albumin. Microscopy; leucocytes. Growth of B. coli. 

Esbach: 0.4 “/ca. 


Pyelonephritis chronica (latent stage). 

Case No. 4. $ , 67 years. 1256/42. 

Pyelonephritis chron., Bronchitis chron.. Anaemia. Degeneratio 
myocardii. 

Had pyelitis 15 years ago, for which confined to bed in periods for a 
year. Now subjectively symptom-free. Otherwise no record of renal affec- 
tion. Clearance: 59 cm*. Diuresis/minulo: 5.4 cm*. Concentration test; 
8 pm . — 8 am.: sp. gravity 1010 (400 cm*). Blood urea; 14 mg %. Blood 
pressure 170/95 — 125/70. Urine: -{ 0 albumin. Microscopy: -) 0 leu- 

cocytes. Growth of B. coli. 

Case No. 5. $, 73 years. 1105/42. 

P}'elonephrilis chron., Anaemia porniciosa, Myelopathia anaemica, 
Hypertonia 1 gr, Degeneratio myocardii. 

Knows nothing of earlier renal affection; has suffered much from slum- 
bagoo. Clearance; 50 cm*. Diuresis/minute: 4.3 cm*. Concentration test: 
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g pm.— 8 am.: 1012 (200 cm-"*). Blood urea: 19 mg %. Blood pressure: 

jgsygs 150/80. Urine: -1 0 albumin. Bsbacb: 0. Microscopy: + + + 

leucocytes. Growth of B. coli. 

Case No, 6. (?, 45 years. 331/42. 

Strictura urethrae, Cystopyelonephritis chron., Hepatitis ac. 

Gonorrhoea when 25 years old. During last seven years symptoms of 
strictura and chronic cystitis. Ignorant of any kidney trouble. Clearance: 
71 cm®. Diuresis/minute; 7.7 cm®. Concentration test; 8 pm. — 8 am.: 
sp gravity; 1016 (560 cm®). Blood urea; 21 mg %. Blood pressure; 150/90 
—120/80. Urine; + + + leucocytes. + 0 albumin. Esbach: 0.2%. 

Growth of Staph, aureus. X-ray of kidneys; No trace of concretions. 

Case No. 7. <?, 65 years. 900/42 

P.yelonephrilis chron., Stricture ureihrae antea. Spondylitis defor- 
mans, Arteriosclerosis, Degeneratio myocardii. 

In 1937 treated for Strictura urethrae with dilatation; now symptom- 
free. Ignorant of any renal affection. Clearance: 1) 50 cm®. Diuresis/minute; 
8 cm®; 2) 37 cm®. Diuresis/minute; 7 cm®. Concentration tests: 1) 8 pm. — 8 
am.: sp. gravity 1010 {560 cm®); 2) 8 pm. — 8 am.: sp. gravity;' 1009 (550 
cm®). Blood urea; 25 mg %. Blood pressure*. 185/105 — 145/80. Urine: 
albumin. Microscopy: leucocytes, ++ epithelial cells. Growth of 

B. coli. Ophthalmoscopy; nothing abnormal. Intravenous pyelography: 
nothing abnormal. 

Case No. 8. ? , 73 years. 707/42. 

Edema pulm.. Bundle Branch Block, Pyelonephritis chron,. Anaemia. 

Never had pyelitis or other kidney trouble. Hospitalized for edema 
pulm. Clearance; 1) 58 cm®. Diuresis/minute; 4.8 cm®; 2) 32 cm®. Diuresis 
minute; 3.5 cm®. Concentration test; 8 pm. — 8 am.; sp. gravity 1013 (460 
cm®). Blood urea; 24— 32 mg %. Blood pressure: 165/90—130/65. Urine: 
-}- albumin. Esbach: 0.5%. Microscopy; -k-p-f leucocytes, bacilli. 

Growth of B. coli. Pyelography: Slow excretion on right side. ' Pelvis 
and calyces slightly dilated on left side. 

Case No. 9. 5 , 73 years. 1394/42. 

Pyelonephritis chron., Bmaciatio, Senilitas. 

Pains in. the loins since 35th year. Three or four times passed small 
stones in urine. When 62 years hospitalized for cystopyelitis. No trouble 
with urinary passages since. Clearance (catheter); 1) 50 cm®. Diuresis/ 
minute; 3.7 cm®. 2) 41 cm®. Diuresis/minute: 6 cm®. 3) 35 cm®. Diuresis/ 
minute: 7.3 cm®. Concentration tests; 1) 8 pm. — 8 am.: sp. gravity; 1014 
(500 cm®). 2) 8 pm.— 8 am.; sp. gravity; 1009 (440 cm®). Blood urea; 

35mg%. Blood pressure: 150/80—120/60. Urine;-) 0 albumin. Esbach: 

9. Microscopy; -f- leucocytes. bacilli. 0 cylinders or 

crj throcytes. Growth of B. coli and faecalis alkaligenes. Intravenous- 
Pyelography: nothing abnormal. 

-■s — Acta med. scandinav. Vol. CXIV. 
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Pyelonephritis chronica [manifest stage). 

Case No. 10. ? , 42 years. 868/42. 

Pyelonephritis chron., Nephrolithiasis dext. Hydronephrosis sin. ] g. 

Renal colic on both sides since her 16th year. Excretion of calculi, hae- 
maturia, dysuria, and turbid urine. Clearance; 83 cm^. Diuresis/minute: 
9.3 cm®. Concentration test: 8 pm. — 8 am.; sp. g^ravity 1013 (580 cm®). 
Blood urea: 21 mg %. Blood pressure: 120/70. Urine; + albumin. Es- 
bach: 0.3 “/oo. Microscopy: + + + erythrocytes, ++ leucocytes, ++ 
enithelial cells; growth of non-haemolytic streptococci. X-ray of kidneys: 
two concretions on right side. On left side pelvis is enlarged with slightly 
dilated calyces. 

Case No. 11. $, 27 years. 1367/40. 

Pyelonephritis chron., Hypertonia, Hypertrophia cordis, RetinopatKia 
hypertonica, Encephalopathia hypertonica. 

In 1934 acute pyelitis, which later recurred with fever and loin pains. 
About 1939 — 40 hypertension developed with rapidly progressing retino- 
pathia hypertonica. A number of convulsions, followed by coma. Subse- 
quently died on October 1941 under uraemia and hemiplegia. Autopsy; 
Uraemia, Pyelonephritis chron. bilateralis, Hypertrophia cordis ventr. sin. 
Clearance; 1) 89 cm®. Diuresis/minute: 5 cm®; 2) 51 cm®. Diuresis/minute: 
3 cm®. Concentration test; 8 pm. — 8 am.; sp, gravity 1012 (550 cm®). Blood 
urea: 22 mg %. Blood pressure; 215/145 — 165/120. Urine: -( 0 albu- 
min, Esbach: 0. Microscopy: -( \-+ leucocytes, 0 (- growth of B. 

coli. Ophthalmoscopy; exudates, haemorrhages and papillary edema. 
Intravenous pyelography: Calyces on right side enlarged. 

Case No. 12. $ , 44 years. 1287/41. 

Nephrolithiasis sin., Pyelonephritis chron., Abscessus perirenalis, Mb. 
cordis mitralis. 

Coral stone in the left kidney diagnosed in 1936. Since then had pains 
in left loin, haematuria, frequent and painful urination. Hospitalized 
with acute pyelitis and signs of perirenal abscess on the left side as well as 
Pleuropneumonia sin. Nephrectomia sin. was performed. Diagnosis; 
Nephrolithiasis, Pyelonephritis subac.-subchron. mg. g. cum ulceratione. 
Clearance: 1) 67 cm®. Diuresis/minute: 7.3 cm®; 2) 67 cm®. Diuresis/minute; 
7 cm®. Concentration test; 8 pm. — 8 am.; sp. gravity 1013 (480 cm®). Blood 
urea: 24 mg %. Blood pressure: 140/75. Urine; + albumin. Microscopy: 
+ + erythrocytes, -f-f leucocytes; growth of B. proteus and coli. 

Case No. 13. $ , 61 years. 774/42. 

Calculus renis sin., Hydronephrosis sin., Pyelonephritis chron.. Care, 
uteri seq. 

In Rigshospital 1914 for nephrolithiasis. In Kommune Hospital 5th 
Dept, in 1941 for renal calculus pains on left side. Pyelography: Calculus 
renis sin., Hydronephrosis sin. No excretion of contrast on right side. 



421 


dissociation between geomerular and tubular etc. 

Clearance: 42 cm®. Diuresis/minule: 6 cm®. Concenlralion iesl; 8 pm. — 8 am.; 
sp.gmvity 1010 {240 cm®). Blood urea: 23 mg %. Blood pressure 160/110 

135^80. Urine: ^ — -0 albumin. Microscopy: leucocytes. Growth 

of B. coli. 

Case >lo. 14. ? , 29 years. 1485/42. 

Pyelonephritis chron. duplex. Epilepsia. 

aI 19 years Nephropathia gravidarum; afterwards slight duplex loin 
pains, pyuria, haematuria, albuminuria and headache. Clearance: 1) 35 cm®, 
Diuresis/minute: 7.5 cm®; 2) 60 cm®. Diuresis/mimile: 11 cm®. Concentra- 
tion tests: 1) 8 pm. — 8 am.: sp. gravity 1012 (580 cm®). 8 am. — 10 am.: sp. 
gravity 1014 (60 cm®); 2) 8 pm.— 8 am.; sp. gravity 1012 (620 cm®). 8 am.— 
10 am.; sp. gravity 1012 (130 cm®). Blood urea 32 mg %. Blood pressure 
J20/80 — 155/90. Urine: + albumin. Esbach: 0.3 — 0.5 “/po. Microscopy; 
-f leucocytes, -f-f epithelial cells. Growth of B. coli. Pyelography: No 
excretion of contrast on right side; dilatation of calyces on left side. 

Case No. 15. <?, 74 years. 1581/42. 

Pyelonephritis acuta in chronica, Glomerulonephritis antea, Hyper- 
trophia prostotae, Resectionis prostatac seq., Cystitis, Anaemia. 

In 1893 acute nephritis (glomerulo- ?). During last 25 years hyper- 
trophia prostatae. Twice elcclro-rescctcd. Last half year repeated acute 
pyelitis. Clearance: 1) 03 cm®. Diuresis/minutc: 3.5 cm®; 2) 50 cm®. Diu- 
resis/minute: 7 cm®; 3) 40 cm®, Diuresis/minutc; 2.3 cm®. Concenlralion 
test: 8 pm. — 8 am.: sp. gravity 1011 (560 cm®). 8 am. — 10 am.: sp. gravity 
1014 (80 cm®). Blood urea; 27 mg %. Blood pressure: 140/80. Urine: + 
albumin. Esbach; O.i — 0.3 <>/,„. Microscopy: -f-f'-f leucocytes, -p-p-h 
bact. Growth of B. coli. Pyelography: large, deformed pyelograms. Cysto- 
scopy: Cystitis, Hypertrophia prostatae. 

Case No. 16. , 67 years. 1241/42. 

Hydronephroses duplex, Diabetes meililus, Emaciatio, Observatio. 

Ignorant of any kidney affection. Hospitalized owing to loss of weight 
and pains in abdomen. Clearance: 72 cm®. Diuresis/minute: 2.6 cm®. Con- 
centration test: 8 pm.— 8 am.: sp. gravity 1010 (310 cm®). Blood urea: 
32mg%. Blood pressure: 130/80. Urine: -p albumin. Esbach: trace. 
No growth. Microscopy: Nothing abnormal. Pyelograpliy: duplex large 
hydronephrosis — of unknown pathogenesis. 

Case No. 17. § , 60 years. 1534/42. 

Pyelonephritis chron.. Hypertonia 1 gr. 

men a child had nephritis; since then almost always had periods with 
loin pains, dysuria, fever and turbid urine. When pregnant had edema. 
Clearance; 1) 39 cm®. Diuresis/minutc: 6.6 cm®; 2) 59 cm®. Diuresis/ 
minute. 9 cm®. Concentration tests: 1) 8 pm, — 8 am.: sp. gravity 1015 
(375 cm®). 8 am.— 10 am.; sp. gravity 1014 (77 cm®). 2) 8 pm.— 8 am.: sp. 
gravity 1015 (380 cm®). 8 am. — 10 am.: sp. gravity 1013 (90 cm®). Blood 
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urea: 42—25 mg %. Blood pressure: 170/90—135/80. Urine: 0 albumin 
(numerous analyses). Microscopy: ++ leucocyles. + + -f Bact.' Gromh 
of B. coli.- Intravenous pyelography: nothing abnormal. 

Case No. 18. § , 61 years. 1588/41. 

Pyelonephritis chron. duplex, Hypertonia. 

Pyelitis in 1926; symptom-free till 1939; since then dysuna, attacks of 
pain in both kidney regions, the right especially, intermittently febrile, 
macroscopic haematuria, foul, turbid urine. Clearance: 1) 34 cm®. Diuresis/ 
minute: 1.5 cm® 2) 40 cm®. Diuresis/minutc: 1.7 cm®. Concentration tests 

1) 8 pm.— 8 am.: sp. gravity 1008 (500 cm®). 2) 8 pm.— 8 am.: sp. gravity 

1010 (460 cm®). 3) 8 pm. — 8 am.: sp. gravity 1011 (510 cm®); 8 am. — 10 am!: 
sp. gravity 1010 (155 cm®). 4) 8 pm. — 8 am.: sp. gravity 1011 -(480 cm®) 
8 am. — 10 am.: sp. gravity 1010 (125 cm®). Blood urea: 25 mg %. Blood 
pressure: 200/110 — 120/80. Urine: 0 albumin. Esbach: 0. Micro- 
scopy: + 0 erythrocytes, -{--f-h leucocytes. 0 casts. epithelial 

cells. Growth' of B. coli. Intravenous pyelography: Pelves dilated. 
Clubbing and irregular dilatation of calyces. Ureteres slightly dilated. 

Nephritis chronica (suspected Pyelonephritis). 

Case No. 19. §, 19 years. 1627/43. 

Nephritis chron. (Pyelonephritis chron.?), Tonsillitis chron.' 

Often had colds and sore throat. During past six months suffered from 
tiredness, headache, loss of appetite and pain across the loins. Never acute 
pyelitis or acute glomerulonephritis. The day prior to hospitalization 
turpid urine, dysuria and albuminuria. ^■S^ule in hospital pains and ten- 
derness in right kidney region. Clearance; 1) 43 cm®. Diuresis/minule: 4.3 
cm®. 2) 43 cm®. Diuresis/minutc: 5.3 cm®. Concentration tests: 1) 8 pm.— 
8 am.: sp. gravity 1017 (410 cm®). 8 am. — 10 am.: sp. gravity 1011 (90 cm®). 

2) 8 pm. — 8 am.: sp. gravity 1013 (470 cm®). 8 am — 10 am.: sp. gravity 
1012 (110 cm®). Blood urea; 45 — 33 mg %. Blood pressure: 130/75. 

Urine: albumin. Esbach; 0.4 — 1 '/m- Microscopy:-) 0 leucocytes. 

0 erythrocytes. 0 leucocytes. 0 casts. — epithelial cells. No gro'\vtli. 
Bing’s bead test: 6.2 %. Pyelography: Nothing abnormal. Throat exami- 
nation: Tonsillitis chron. Ophthalmoscopy: natural. 

Case No. 20. $ , 65 years. 1317/41. 

Nephritis chron., (Obs. pro Pyelonephritis chron.) Ulcus duodeni. 

No acute renal affection. Since 1933 albuminuria and pain across the 
loins. No fever, haematuria, passing of stones, pollakisuria or dysuria. 
Clearance: 1) 53 cm®. Diuresis/minute: 4.8 cm®. 2) 40 cm®. Diuresis/ 
minute: 3 cm®. Concentration tests: 1) 8 pm. — 8 am.: sp. gravity 1010 
(300 cm®). 2) 8 pm. — 8 am.: sp. gravity 1011 (248 cm®). Blood urea: 39 
mg %. Blood pressure: 170/100—130/80. Urine: -f-f albumin, pbach. 

1 — 2.5 ®/oo. Microscopy: -) h+ leucocytes, -b casts, -f- epithelial cells. 

No bact. Growth of B. coli. Ophthalmoscopy: natural. Pyelography: R. 
pyologram indistinct. 
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Discussion. 

These case reports form the basis for the postulate that in some 
cases of pyelonepliritis there is a dissociation between the glomerular 
and the tubular renal functions. It may be argued' against the 
theory that the urea clearance is not so explicit a messure of the 
glomerulus function as the concentration test is of the tubulus func- 
tion; about 40 per cent, of the urea filtered in glomeruli is resorbed 
and may diffuse back from tubuli, so that a tubular affection must 
also to some extent influence the urea clearance (10). However, the 
urea clearance provides a useful idea as to the glomerulus function, 
as usually it is proportional to glomerulus filtration (1, 2). 

This dissociation between glomerular and tubular function 
conforms well with the current opinion as to the canalicular distri- 
bution of pyelonephritis in the kidney. It is presumable that in its 
initial stage and well into the chronic stage p 3 ’’elonephritis attacks 
the tubular apparatus cither in its entiret}’’ or predilectivel 3 % and 
only very much later — if at all — attacks glomeruli. This is ajso 
confirmed by the slight albuminuria that is so characteristic of 
pyelonephritis chronica and in certain cases (cf. Cases No. 4, 5, 6, 
9, 11, 13 and 18) periodically disappears, and in others (cf. Case 
No. 17) is entirely absent. 

Weiss & Parker (12) hold that acute pj^elitis very often, and 
perhaps in every case, patholo-anatomically is pyelonephritis. Cases 
No. 1 and 2 are evidence that acute pyelitis may involve functional 
tubular renal insufficiency at a very earl)’’ stage; it should be stated, 
however, that we have seen many cases of acute pyelitis where 
the renal function was unaffected, and only a single case in which 
acute pyelitis progressed to death in uraemia. 

The true clinical importance of the observation Avouldseemta 
lie in the fact that it will be of assistance in the often ver}'' difficult 
differential diagnosis of the chronic kidney inflammations (P 3 <'elo- 
nephritis chron.. Glomerulonephritis chron.. Nephrosclerosis). 
Even if this is chiefly academic in character, it is of significance if 
for example it is desired to define the prognosis of the individual 
renal affection. It will appear from the case reports that dissocia- 
tion between clearance and concentration test was observed in 
only two patients (Nos. 19 and 20), in respect of whom the diagno- 
sis of pyelonephritis covdd not be made definitely from other diag- 
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nostic criteria (anamnesis, X-ray finds, urine finds). Tho.ugli we feel 
fairly well convinced of. the importance of dissociation to this 
diagnosis, we have provisionally elected to call it Nepliritis chronica 
with a suspicion of pyelonephritis. 

In four patients (Nos. 3, 8, 11 and 15) there was a tendency 
towards a high diuresis (1.5— 2.5 litres) — i. e. very little polyuria, 
■whereas the diuresis of the others was normal. It is rather sur- 
prising that this tendency towards poljmria was not more strongly 
marked, having regard to the usual]}’’ very poor concentration 
demonstrated; according to Molten & Rehberg (5, 6) however, 
hypo- and isostenuria arc not nearly alwa3’'s accompanied by 
polyuria, which is generally found only when there is N-retention. 

According to Molten & Rehberg (5, 6) there can be no elective, 
tubular affection unless the glomerulus filtration is simultaneously 
reduced; the inhibited resorption of water will increase the pressure 
in the capsular space and thus reduce the conditions for glomerulus 
filtration. Our observations seem to contradict this statement 
(as already stated. Molten & Rehberg themselves found certain cases 
of dissociation between clearance (kreatinine) and concentration 
test), and it is possible that an increase of the capsular pressure 
is not reflected so much in reduced tubular function as has been 
imagined. 

For the purpose of obtaining further confirmation of this dissocia- 
tion between glomerulus and tubulus function in pyelonephritis 
by means of more exact figures it is intended to elucidate the 
problem further by means of clearance determinations with inulin 
and diodrast (Perabrodil). 


Summary. 

In some cases of acute pyelitis and a number of cases of chronic 
pyelonephritis the author demonstrates a dissociation between the 
tubulus function (which is found by the concentration test to be 
much reduced) and the glomerulus function (which the urea clear- 
ance proved to be wholly or almost wholly normal). The observa- 
tion seems to indicate renal functions that are characteristic of 
pyelonephritis and its long chronic, more or less latent stage 
and may be used in making the differential diagnosis of chronic 
nephritis. 
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(Aus der Medizinischen Universilats-Poliklinik, Kopenhagen). 


Die Ausscheidung des Bilirubins im Harn und 
ihre Abhangigkeit vom Serumbilirubin. 

Von 

TORBEN K. WITH.i 

(Bci dcr Rcdaktion am 27. April 1943 eingegangcn). 


Die Ausscheidung des Bilirubins im Harn und deren Abhangig- 
keit vom Bilirubingehalt des Serums sind wohl bisher zwar schon 
Gegenstand mehrerer Untersuchungen gewesen, aber im Verhaltniss 
zu den zahlreichen Arbeiten uber das Serumbilirubin, gibt es doch 
erstaunlich wenige Arbeiten fiber die Bilirubinausscheidung im 
Harn. Da diese Arbeiten ausserdem grosstenteils mit alteren, nicht 
ganz zuverlassigen Analysemethoden durchgeffihrt sind und an 
mehreren Punliten strittig sind, kann man eine erneute Unter- 
suchung dieser Fragen mit zuverlassigeren Analysemethoden fur 
angezeigt ansehen. 

Friihere Untersuchungen. 

In der Literatur findet man allgemein angegeben, dass Bili- 
rubinurie nur dann gefunden wird, wenn die Diazoreaktion im 
Serum eine direkte ist; das ))indirekte» Bilirubin wird nicht als 
»harnfahig» angesehen (vgl. McNee, Bensley, Faltitschek u. Hess). 
Diese Auffassung wird allgemein v. d. Bergh zugeschrieben, aber mit 
Unrecht, da er in keiner seiner Arbeiten (1918, 1921, 1924) eine 
solche Anschauung ausspricht; ja,, er berichtet im Gegenteil (1918, 

1 Die Untersuchungen sind mit Unterstiitzung von P. Carl Petersens Fond 
durchgefilhrt. 
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S. 59) iiber einen Fall von hamolytischem Ikterus (also indircklc 
Diazoreaktion), der vorubcrgehende Bilirubinuric zcigte. Dicse 
Auffassung sclieint von IvIcNee (1923) zuerst formuUert, spatcr 
in der Literatur als Tatsache bingenommen und niemals bezweifelt 
rvorden zu sein. 

Weiter land v. d. Bergh (1918), dass Bilirubinuric bei ciner 
Serumkonzentration von etwa 2 mg pro 100 ml auftritt, und dass 
dieser Sclnvellcnwert recht konstant zu liegen sclieint. Spatcre 
Untersuchungen mit v. d. Bergh’s Metliodc — die iibrigens von v. d. 
Bergli selbst (1924) keineswegs als cimvandfrci aufgcfasst wurde 
— ergaben zu ahnlicbc Ergcbnisse. Es ist bier von Bcdeutung sicb 
klar zu macben, dass oindircktcs)) Bilirubin bei der Alkoliolfallung 
in weit geringercm Umfang als »dirckles» an den Protcinnieder- 
schlag adsorbiert wird (v. d. Bergh, 1918, 1921, 1924), was einc 
lioliere Serumbilirubinlconzcntraiion fiir »indirckl» als fiir »direkt» 
reagierenden Bilirubin bewirkt, wcnn die Bilirubinkonzentralion 
tatsacblicb die glcicbe ist. Dieser Umstand kann ganz unmittclbar 
den Befund bdbercr Scbwcllenwcrte der Harnaussebeidung fiir 
)>indircktes» Bilirubin als fiir ))direktcs)) crklaren, wcnn die Bestim- 
mungen nacb v. d. Bergb’s Metbode durcbgcfubrt sind.. Diese 
natiirlicbe Erklarung fiir den boberen Scbwellenwcrt des indirek- 
ten Bilirubins sclieint bisber uberseben worden zu sein. 

Spaler sind diese Fra gen von Zeit zu Zeil in der Lileralur beriihrl wor- 
den. Schirf u. Eliesberg (1922) teille Untersuebungon iibcr cine Hepalilis- 
epidemie bei Schulkindern mil; elWa die Hallle dor Fade zeigte direkte 
Reaktion im Serum, die iibrigon indirekle; cs konnle kein klinischer Unter- 
scliied zwiseben ibnen nacbgowiesen werden, und die Bilirubinuric zeigte 
auch ganz abnlicbe Verbaltnisse in den bciden Gnippen. Dieselben Ver- 
fasser teilen einen Fall von Occlusionsiklerus (congonile Gallon wegsalrecie) 
mit, bei weicbem starker Ikterus und ausgesprochene Bilirubinuric von 
indirekter Diazoreaktion des Serums begleitet waron. 

Faltitscbek u. Hess (1936) beriebten viber drei Ftille von ausge- 
sproeben'om Ikterus mit direkter Diazoreaktion im Serum und Tolalbili- 
rubin zwiseben 7 und 20 mg pro 100 ml aber obne Bilirubinurio. Da cine 
ernste Niereninsuffizienz in alien drei Fallen vorlog, muss man annebmen, 
dass Bilirubin bei beschadigter Nierenfunktion sebwierig oder gar nicbl aus- 
geschieden wird; der Sclnvcllenwert muss also in eincm gavissen Masse von 
der NicrenjunUion abhdngig sein. Dies wird aucb durcli die Untersuebun- 
gen Bennbold’s (1932) nahegelegt; dieser Verfasser wics darauf bin, dass das 
Serumbilimbin stets an Serumalbumin gebunden ist, Weil Harnbilirubin 
frei ist, und er nabm an, dass die Niere an der Auskoppolung der Bilirubin- 
Albumin-Verbindung aktiv beteiligt war. 
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Dass der Scliwellenwert eine nichl unbetriichtliclie Variation zeigen 
kann, Wurde von Andrewes (1924) und Retzlaff (1923) gefunden. Meulen- 
graclit (1920) fand den Schwellenwert bei Ikterusindex 40 — 50, was nack 
den Untersuclmngen With’s (1942, 1943) eWa 3 bis 8 mg Bilirubin pro 
100 ml entspricht. Die Bedeutung der direkten Reaktion fur die Harnaus- 
scbeidung wurde von Bensley (1933) untersucbt; er bestimmte die direkte 
und indirekte Reaktion des Serums mit v. d. Bergh’s Metbode und das 
Harnbilirubin mit Hunter’s (1930) Diazomethode, die im wesentlichen 
mit der in unseren Untersucbungen benutzten Metbode ubereinstimmt. 
Er liess die Patienten ein Paar Stunden vor der Blutprobe urinieren, und 
der kurz nach der Blutprobe gelassene Earn Wurde untersucbt. Die Resul- 
tate werden fxir Serum und Harn scbatzungsweise als i>scbwacbe Spuren», 
ftSpureni) und »deutlicbe Reaktion# angegeben; nur Falle mit Serumwerten 
unter 2 mg pro 100 ml (4 v. d. Bergb-Binbeiten) wurden untersucbt, da die 
Ausscbeidung bei boberen Werten als sicber betracbtet wirde. Die Unter- 
sucbungen an diesen scbwacben Ikterusgraden zeigten keine Korrelation 
zwiscben der Harnausscbeidung und der totalen Diazoreaktion des Serums, 
wahrend eine gewisse Korrelation zwiscben der Harnausscbeidung und der 
direkten Reaktion nacbweisbar war, die aber all zu wenig ausgesprochen 
war um den Namen direkter Abbangigkeit zu verdienen. Weiter wurden 5 
Falle mit direkter Reaktion obne Bilirubinurie und 4 Falle mit indirekter 
Reaktion (1 — 5 v. d. Bergb-Einheiten) und scbwacbe Bilirubinurie beob- 
achtet. 

Rabinowitcb (1932) verwendete dieselben Analysemetboden wie Bens- 
ley, er konnte aber Bilirubinurie in 30 % der Falle mit nofmalen Serum- 
bilirubinwerten nacbweisen, und ist der Ansicbt, dass Bilirubin aucb bei 
Normalen im Harn vorkommt, aber in den meisten Fallen in so kleinen 
Mengen, dass mit den iiblicben Untersucbungsmetboden nicbt nacbweisbar 
sei. 

Riesel (1939) ist der einzige, der bisber eigentlicb quantitative Unter- 
sucbungen von Serum und Harn miteinander verglicben bat; er benutzte 
Serumanalysen nacb der Sabsaurelnetbode nacb Heilmeyer (1938) und 
Harnanalysen nacb einer von ibm selber ausgearbeiteten, auf demselben 
Prinzip basierten Metbode (der Harn -wurde mit BaCb gefallt; konz. HCl 
■wurde als Reagenz benutzt, und die Farbe kolorimetrisch gemessen). Er 
konnte deutlicher Unterschied zwiscben der Ausscbeidung in Fallen von 
parencbymatosem Icterus (10 Falle untersucbt) und Fallen von Okklusions- 
ikterus (9 Falle) nacbweisen; seine Ergebnisse werden als Saulendiagramm 
hergestellt, aus welchen hervorgebt, dass die Bilirubinkonzentration im 
Harn, in Prozent des Serumbilirubins ausgedriickt, bei parencbymatosem 
Ikterus nur 10 — 30 % war, wabrend sie bei 8 von 9 Fallen von Okklusions- 
ikterus 90 %, oder mebrwar; in dem letzten Fall von Okklusionsikterus war 
sie jedocb nur 40 %. Mann kan leidernur das Verhaltniss zwiscben Serum- 
und Harnwerte nicbt aber die absolute Grdsse der Werte dem Diagramm 
entnehmen. 

Scbliesslicb soil nocb bemerkt werden, dass Ylppo (1913) meinte, kleine 
Bilirubinmengen im Harm von Kindern mit Icterus neonatorum (von 
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der Grosse ca. 0.10 mg pro Tag) nacliNVeisen zu konnen, und dass Ross, 
Waug und Malloy (1937) meinlcn, bei ikterischen Neugeborenen Ideine 
Bilirubinmengen im Harn nacliweisen. zu konnen (0.008 mg pro 100 ml), 
walirend sie bei niclilikleriscben Neugeborenen keine Bilirubinurie fanden. 

Eigene Analysemethoden. 

Wie oben, Imsprochen, muss man den Grund der felilenden t)l)er- 
einsstimmung zwischen den Ergebnissen der verschiedenen UnLer- 
suchcr in den Analyscmetlioden suclien. Fiir Serum hat man aller- 
dings jetzt eine spezifischc und quantitative Methode, die aus- 
serdem sehr einfach ist, namlich Jendrassik und Grof’s (1938); 
diese Methode kann ausserdem leicht als Mikromethode mit Kutan- 
hlut l)enutzt werden [With (1), 1942, 1943] und, mit einzelnen 
Modifikationen [With (1), 1943] auch fur quantitative Messung der 
direkten Reaktion. 

Die Vorgangsweiso bei der Messung der direkten Reaktion bcstelit darin, 
dass man doslilliertes Wasser stall der Koffeinlosung — sowobl in der 
Reaktionslosung als dor Konlrollosung — verwendet. Das neue an dicser 
Methode ist, dass man nicht wie sonsl bei Messungen der direkten Reak- 
tion im Serum die rote Farbe des neulralen Azobilirubin, sondern die blaue 
Farbe des alkalischen Azobilirubins inisst. Hierbei ist es moglich, eine 
stabile Farbe abzulesen, da der Rcaktionsprozess der Diazoreaktion beim 
Alkalisieren soforl abgebrochen wird, wahrend man bei der Messung in 
neutraler Lbsung cine Farbe, die nicbl stabil, sondern zunchmend ist, zu 
messen hat. Ein weitcrer Vorleil diescr Methode (With, 1943) ist, dass die 
blaue Farbe des alkalischen Azobilirubins gegen die gelbe Farbe des nichl- 
diazotierten Bilirubins besser sichtbar isl, als die role Farbe des neulralen • 
Azobilirubins; dieses Verhaltniss trill besonders deullichhervor bei sclnvac- 
hen direkten Roaktionen, die bei neutraler Reaktion uborbaupl niebt un- 
mittelbar siebtbar sind, wahrend sie nac-hAlkalizusatz deutlich hervorgehen. 

In unseren Untersuchungen wurde das Alkali (Fehlings Fliissigkeit 
B) 30 Sekunden nach der Zumischung der Diazoreagonz zugeselzt (z. B. 
O.I ml Serum -f 0.2 ml HjO -f 0.05 ml Diazomischung + 0.15 ml >'Fehlings; 
als Konlrollosung wurde dieselbe Mischung nur mit der gleichen Menge 
1 5 % Salzsaure statt Diazomischung benutzt). Wir wahllen diese Vor- 
gangsweise, da man ja allgemein die gewohnlicho, direkte van den Bergli- 
Reaktion etwa 30 Sekunden nach der Diazotierung abzulesen pflegt (vgl. 
z- B. Bensley). Die Ergebnisse der direkten Reaktion werden wie fiir das 
TotalbiJirubin in mg pro 100 ml umgerechnet; man muss jedocli beriick- 
sichtigen, dass man bei der Berechnung von der von dem Koffein her- 
riihrende Korreklion absehen muss. 

Die Harnanalysen wurden nach der Methode von Jendrassik 
und Grof (1938) fiir Harn vorgenommen. Diese Methode ist als 
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spezjfisch unci quanlitativ anzusehen mit Ausnahme von Fallen 
mit gleichzeiligem Vorkommen von grosseren Urobilinmengen 
[With, (2), 1942]. 

Da der Ham in samtliclien hier bosprochenen Fallen auf Urobilinsloffe 
untersucht wurde (Metliodc nach With, 2 , 1942 ) und sich hicrbei entweder 
aJs gainz urobilinfrei Oder wenigslens nnr kleine Urobilinmengen enthal- 
tend zeigto, kann man ganz von diescr Felilerquelle absehen. tlbrigens ist es 
leichl zn konlrollieren, wenn die Mclbode einmal versagt, da man in sol- 
chen Fallen stall der reinen rolen Farbe dcs Azobilirubins, die nachdem 
Salzsilurozusalz in Blau vibergeht, anderc gelbliclic Farblone findet. Diese 
Melliode ist der obengenannlcn Metliode von Hunter sehr ahnlich (abge- 
sehcn davon, dass man dabei das neulrale Azobilirubin stall dcs alkalisclien 
bestimml, und niclil im Pulfrichfolomeler abliest, sind die zwei Metboden 
prakliscli identisch), und wird von Foord und Baisinger ( 1940 ) als die emp- 
findlicliste Melhodc fur Harn aufgcfasst; eine weiterc Verbesserung ergibt 
sich jedocli, wenn man die Ausfallung in derselbcn Weise vornimmt, abcr 
die Diazolierung auf einem wcissen Filter, auf welchem der Nicderschlag 
durch Filtrierung aufgcfangcn isl, durchfiihrle (sogenannle sDiazo-Spols- 
Methodc). Wir liabcn diese i>Diazo-Spot» Melhodc in Fallen, wo die Melhode 
nach Jendrassik und Gr6f unsicliere Brgebnisse leistele gebraucht und 
liierdurcli mehrmals Spuren von Bilirubin nachwoisen kbnnen. 

Eigene Untersuchungen. 

Da die Bilirubinkonzentralion des Serums sich nur langsam 
andert, aligesehen von spcziellcn Gelcgenheiten (z. B. bei dem 
Abgang eines Gallenstcins), haben wir die Bilirubinkonzcntration 
des friscli gelassenen Hams mit der Bilirubinlconzentration ciner 
gleichzeitig genommenen Serumprobe verglichen, indem wir jedoch 
die Patienten die Harnlilase ein bis zwei Stunden vor der Probe- 
nahme entleeren liessen und die Bluiprobe in dem Interval! zwischen 
den zwei Mktionen oder kurz nach der letzten nahmen. Die Harn- 
anal3’'sen warden innerhalb einer Stunde nach dem Harnen durch- 
gefuhrt, und die Harnproben bis zur Analyse im Eisschrank auf- 
bewahrt. 

Wir haben die Tagesvariation des Srumbilirubins beim Ikterus 
an 5 Hepatitispatienten mil Ikterus verschiedenen Grades unter- 
sucht; diese Patienten warden dreimal taglich untersucht in Perio-' 
den ohne klinisch nachweisbare Veranderungen im Krankheits- 
prozess; die Ergebnisse der Analysen gehen aus Tabeile 1 her- 
vor. Gegen Variationen des Serumbilirubins verursacht durch 
Anderungcn im Krankheitsprozes,s haben wir uns dadurch gesichert. 
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dass wir in alien den untersucliten Fallen tagliche Bestimmungen 
des Serunibilirubins durcbfubrten in den gleiclien Peiioden, in 
denen wir das Harnbilirubin untersucliten. Ini Diagramm haben 
ivir nur solcbb Werte angefiibrt, bei welchen das Serunibilirubin so- 
wolil am Versuchstage als am vorliergebenden und folgenden Tage 
ungefalir dasselbe Niveau aufwies (d. b. Variationen innerhalb 
± 10 % des Mittelwerts der 3 Bestimmungen). 


Tabelle 1. 

Die Variaiionen des ScrumbiUrubins bcim Iklcrus {Hepaiilis acula). 



9 Ubr 

12 Uhr 

18 Uhr 

9 Ubr (am folgenden Tage) 

Pat. Nr. 1 

4.43 

4.01 


3.85 mg 

pr. 100 ml. 

Pat. Nr. 2 

4.9G 

4.82 

4.58 

4.81 >' 

V> f> 

Pat. Nr. 3 

12.6 

11.4 

11.0 

13.0 » 

» » 

Fat. Nr. 4 

29.5 

2S.0 

27.3 

30.3 » 


Pat. Nr. 5 

3.41 

3.20 

3.52 

3.83 0 

ft I'* 


Es geht aus der Tabelle liervor, dass die Variation des Serum- 
bilirubins innerhalb 24 Stunden ctwa 10 % betragt, dass aber der 
Unterschied zwischen dem hdchsten und niedrigsten Wert stets 
unter 20 % des Mittelwerts liegt. Die Werle bei 9 Ulir sind niicli- 
tern bestimmt die ubrigen Werte vor der Mittags- respektive 
Abendmahlzeit. 

Die Tagesvariationen des Serumbilirubins bei normalen Personen sind 
friiher von Broebner-Mortensen und Hulilala eingehend unlorsucbt worden. 
Diese Verfassor fanden beide, dass die Werte am baufigsten nacb Malilzei- 
ten abnalimen, und dass die Variationen, in absoluten Zablen gemessen, 
klein waren {am baufigsten nur einige 2kbnlel mg pro 100 ml) obwobl sie 
in maneben Fallen betracbtlicben Prozentteilcn des vorbandenon Wortes 
entsprachen (bis zur 30 % nacb Brochner-Mortenson). Grossere Var'w- 
(ionen — Steigerung des Wertes mit 100 bis 300 % ~ konnen durcb langcr 
dauernde Fasten (22 bis 36 Stunden) und besonders durcb mil Muskel- 
arbeit kombinierte Fasten verursaebt werden (Hubtala). Ob man liier- 
durch aucb starkere Steigerungen des Serumbilirubins bei Ikteruskranken 
veruisacben kann, sebeint nocb niebt untersuebt zu sein, da aber solcbe 
Umstande bei den^ von uns untersucliten Patienten nichl einlrafen, 
kann man rubig die in der obongenannten Weise bestimmten Serum- und 
Harmverte mit einaner vergleicben, da die Serumkonzentration sich in 
den 2 der Harnaussebeidung entspreebenden Stunden niebt bedeutend 
verandert baben kann. 
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Erlauierung ziim Diagramm 1. 

Unsere Ergebnisse sind im Diagramm dargestellt. Dcr untcrc 
Teil des Diagramms zcigt das Totalbilirubin in Bcziebung zum 
Harnbilirubinr wabrend der obere Teil die Bezielnmg zwisclien 
Harnbilirubin und der direkten Rcaktion zeigi. Die Harnwcrtc 
sind an der vertikalcn Achse abgescizt die Serunnverte an der liori- 
zontalen; alle Werte sind in mg pro 100 ml gcgeben. Die Hepatitis- 
falle sind mit massiven Piinkten, die Fallc mil Olcklusionsikterus 
mit dem Zeichen 0 bezeiclmet. »Spurent) im Harn sind mit Zeiclien 
an der Nullinie und fehlende Rcaktion im Harne mit Zeicbcn unter 
dcr Nullinie bezeiclmet. Es wurden 23 Hepatitisfalle und 9 Patien- 
len mit Okklusionsikterus untersucht. 


Der Schwellenwert fiir die Ausscheidung des Bilirubins 

im Harn. 

Es gebt aus Diagramm 1 bcrvor, dass der Scbwellemvcrt einc 
betracbtlicbe Variation zcigt. Er liegt gcwdlmlich zwisclien 3 und 6 
mg Totalbilirubin pro 100 ml, und bei Werten unter 3 mg pro 100 
ml Avurde Bilirubinurie niemals gelunden. Bei Werten zwisclien 3 
und 4 mg pro 100 ml wurdc Bilirubinurie in einem einzigen Fall 
gefunden (bei mebreren Untersuchungen), bei Werten zwisclien 
5 und 6 mg pro 100 ml fast regelmassig; zwiseben 6 und 9 mg pro 
100 ml Serum feblte Bilirubinurie in einzelnen Fallen von Hepa- 
titis, Avalirend dies bei Okklusionsikterus niclit der Fall war; da 
wir aber nur 9 Falle mit Okklusionsikterus untersuebten, kann man 
nicht auf Grund unseres Material sebliessen, dass der Scbwellen- 
wert bei Okklusionsikterus sicb anders verlialt als bei Hepatitis. 


Das Verhaltniss zwischen der Bilirubinkonzentration 
im Serum und Harn. 


Vie es aus Diagramm 1 sebr deutlich bervorgelit, kann es 
keine lineare Korrelation zwiseben dcr Bilirubinkonzentration des 
Serums und des Hams geben. Z. B. entspreeben in einem Fall 
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von Okklusionsikterus ca. 10 mg pro 100 ml in Serum ca. 2 mg pro 
100 ml im Ham, waJirend in einem anderen Fall derselben Serum- 
konzentration etwa 11 mg pro 100 ml Ham entsprechen, Sogrosse 
Streuung ist jedoch nicht die Regel, und wenn man nur mft den 
Werten des einzelnen Palls reclinet, wird die Streuung ganz natiir- 
lich weit kleiner als, wenn man samtliche Falle zusammenbetrach- 
tet. Dock kann man auch innerhalb der Werte des einzelnen Falles 
betrachtliche Variationen konstatieren; z. B. fanden wir in einem 
Fall von Hepatitis bei .Serumbilirubin von etwa 3,5 mg pro 100 ml 
Harnwerte zwisclien 0.8 und 2.6 mg pro 100 ml. 

Trotz aller Variationen, besteht jedoch die Hauptregel, dass die 
Harnkonzmiration zwischen 25 und 50 % der Serumkonzenlration 
liegt, welches man sehr einfach dadurch kontrollieren kann, wenn 
man die Linien mit den Gleichungen y = x/4 und y = x/3 in das 
Diagramm zeichnet. Es gibt jedoch Ausnahmen von dieser Regel, 
da Prozente zwischen 15 und 75 vorkommen, und in einem einzelnen 
Fall von langdauerndem Okklusionsikterus (bei cancer pankreatis) 
sogar Werte von 100 % und etwas dariiber. Wir konnten aber 
keine sicheren Unterscliiede in der Bilirubinausscheidung zwischen 
Okklusionsikterus und Hepatitis nachweisen, wenn man von dem 
genannten einzelnen Fall von cancer pankreatis absieht. In einem 
Fall von Okklusionsikterus mit sehr hohem Serumwerte Avar die 
Harnausscheidung sogar als Prozent gerechnet verhaltnissmassig 
niedrig (bei mehreren Bestimmungen etwa 25 %). Wir konnten also 
die obenbesprochene Auffassung Riesel’s iiber einen charakteris- 
tischen Unterschied in der Ausscheidung zwischen Okklusions- 
ikterus und parenchymatdsem Ikterus nicht bestatigen. 

Die Verhaltnisse bei Ikterus neonatorum sollen noch erwahnt 
werden, da sie eine Sonderstellung einnehmen. Wir haben in Zu- 
sammenarbeit mit E. Hj. Larsen Harn und Serum von 20 Neuge- 
borenen mit mehr oder weniger ausgesprochenen Ikterus Neonato- 
rum sowie 1 Fall von Ikterus gravis neonatorum (starker Ikterus 
und schwere Anamie) untersucht. Hierbei wurde Bilirubinurie nur 
bei Werten iiber 18 mg pro 100 ml Serum gefunden, und die beobach- 
teten Harnkonzentrationen machten nur ein Par Prozent des 
Serumwerts aus (es wurde nur Bilirubinurie in zwei von den 20 
Fallen gefunden; der eine Fall zeigte 0.72 mg pro 100 ml im Harn 
und 31.0 ml im Serum und spater respektive 0.11 und 18.5 mg pro 
100 ml, der andere Spuren im Harn und 19.6 ml in Serum). Der 
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Fall von Ikterus gravis zeigte einem niedrigeren Sclnvellenwert, 
aber jedocli eine niedrige Ausscheidung im Prozent des Serum- 
werts (0.30 mg pro 100 ml Harn bei 14.7 mg pro 100 ml Serum und 
spater respektive 0.20 und 8.3 mg pro 100 ml). 

Der Schwellenweri des Serumbiliruhins fiir die Bilirubinaus- 
scheidung im. Harn beirdgt also bei Erwachsenen nur ciwa cin Driiiel 
wie bei Neugeborenen; die Ursaclie dieses Vcrhaltnisses ist wabr- 
sckeinlich eine physiologischc Nierenmsuffizienz bei Neugebore- 
nen (vgl. McCance und Young, 1940). Wie man erklaren soil, dass 
mehrere Verfasser Bilirubinurie als gewdbnlicbe Erscheinung bei 
Ikterus neonatorum gefunden haben (vgl. oben) kdnnen wir niclit 
sagen; es ist doch bemerkenswert, dass die von diesen Verfassem 
angegebenen Bilirubinkonzentrationen so gering sind, dass sie 
unserer Meinung nach ausserhalb der Grenzen sicherer Erkennt- 
niss liegen; dassselbe ist iibrigens mit dem Befund von Bilirubin 
im Harm bei normaler Serumbilirubinkonzentration der Fall 
(vgl. Rabinowitcli’s Beobachtungen oben). Es kann weiter ange- 
fiihrt werden, dass der Harn in den meisten Fallen von Ilcterus 
neonatorum ganz klar und liellgelb war; die seltenen Fallen mit 
Bilirubinurie zeigten deutlicli dunklere Harnfarbe. 

Die Bedeutung der direkten Diazoreaktion des Serums. 

Wie aus Diagramm 1 liervorgeht, zeigt die direkte Diazoreak- 
tion des Serums etwa dieselbe Streuung in ibrem Verbaltniss zum 
Harnbilirubin wie das Totalbilirubin. Naturlicb betragen die Harn- 
werte bier ein betrachtlicb boberer Prozentsatz, als das bei dem 
Totalbilirubin der Fall ist (zwiseben 50 und 100 % der Serumwerte). 
Gabe es einen festeren Zusammenbang zwiseben Hamaussebeidung 
und direkter Reaktion, wurde man bedeutend weniger ausge- 
sproebene Streuung in der oberen Halite des Diagramms (direkte 
Reaktion) als in der unteren (Totalbilirubin) erwarten durfen, 
aber ein solcber Untersebied ist niebt siebtbar. Unsere Unter- 
suchungen sprechen also gegen einen jesieren Zusammenhang zwi- 
schen der direkten Serumreakiion und der Ausscheidung des Bilirubins 
im Harm 


S9 — Ada med. scandiav. Vol. CXIV. 
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t)ber den Mangel an Bilirubinurie bei hamolytischem 

Ikterus. 

Der Mangel an Bilirubinurie bei Ikterus hamolytisclien Ur> 
sprungs ist eine der wichtigsten Stiitzen derTheorie iiber diefeh- 
lende Harnfahigkeit des indirekten Bilirubins. Man hat aber, so 
weit wir sehen kdnnen, bisher die Moglichkeit ubersehen, dass 
dieser Mangel an Bilirubinurie ganz einfach durch niedrige Serum- 
konzentrationen bei hamolytisclien Bcterusformen verursacht sein 
kdnne, eme Moglichkeit, die um so grosser ist.wenn man bedenkt, 
dass V. d. Bergh nachweisen konnte, dass das »direkte» Bilirubin weit 
starker am Eiweissniederschlag adsorbiert wird als das wndirekteo 
bei hamolytisclien Ikterusformcn vorkommende (vgl. oben). Die 
Untersaeher, die beim hamolytischen Ikterus Serumwerte uber 
dem Schwellenwert gefunden haben, haben alle die Ursprungliche 
V. d. Bergh-Technik benutzt, die teils ernste Nachteilen aufweist 
und teils fiir indirektes Bilirubin hohere Werte ergibt als fur direk- 
tes; diese Untersuchungen kdnnen also die mangelnde Harnfahig- 
keit des indirekten Bilirubins nicht beweisen. 

Grdsserer Interesse haben in diesem Zusammenhang Unter- 
suchungen, die auf direkten Kolorimetrie der gelben Farbe des 
Serumbilirubins gegriindet sind (z. B. Untersuchungen mit dem 
sogenannten Ikterusindex), da die von der Eiweissfiillung her- 
riihrenden Felder hier nicht im Betracht kommen. Solche Unter- 
suchungen liber hamolytischen Ikterus sind von Meulengracht und 
Watson durchgefuhrt worden. 

Meulengracht (1920) gibl an, elwa 40 Palienten mit hamolytischem 
Ikterus untersucht zu haben, und dass er hierbei einen Ikterisindex zwisclien 
3 und 41, in der Regel 10 — 20 gefunden hat. Ausfuhrlicliere Erlauterun- 
gen fiber seine Untersuchungen findet man in seiner Monographie (1918) 
iiber den hamolytischen Ikterus. Wenn man die Krankengeschichten 
durchsieht, ergibt sich, dass nur 14 Fade von hamolytischem Ikterus mit 
Ikterusindex untersucht warden, von welchen nur zwei Werte iiber 40 (Obs. 
23; 41 und spater 54 und Obs. 25: 48) und 5 Fade Werte iiber 20 aubviesen. 
In keinem Fall ^vurde Bilirubinurie gefunden. 

Watson (1937, S. 215) berichtet iiber Utersuchung von 12 Fallen 
mit zahlreichen Einzelbestimmungen. Der Ikterusindex voirde nicht \yie 
von Meulengracht angegeben mit Verdunnungskolorimetrie, sondern im 
Autenrieths Kolorimeter im Vergleich mit Meulengrachts Bichromat- 
Farbenstandardlosung abgelesen (in Meulengrachts oben besprochenen 
Untersuchungen warden aber nicht mit diesem Standard, sondern mit 
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einom Pikrinsaurestandard verglichcn). Walson fand etwas liohere Index- 
werte als MeulengracUl namlich S bis 94; nur zweimal warden Index- 
Werte iiber 40, mir 9 mal iiber 32 gefunden. Es werden keine Erlaiilerungen 
iiber Bilirubinurio gegebon. ‘ 

:r^acb Untersuclutngen von Wilb (1942; Tabellc 3 und 4) isi das Vorbalt- 
niss zwiscben Ikterusindex und Senmibilirubin in mg pro 100 ml gemessen 
(nach Jendrassik und Grdfs Melhode bcstimmt) clwa 5; 1 fur bobe Index- 
Werte, wabrend man fiir Indexwerle von 10 — 40 6: 1 bis 10: 1 findel. 
Hieraus kann man berccbncn, dass Indcxworlen unter 40 nur ausnabms- 
Weise Scrumbilirubinwcrtc iiber 6 mg pro 100 ml cnlsprccben, und in don 
meisten Fallen sogar Werle unler 4 mg pro 100 ml. Es scbeint also, nacb 
diesen mil nichl gooignclor Tecbnik durcbgefiibrlen Unlorsucbungcn 
zu ui'tcilen, so zu sein, dass die meislcn Falle von biimolyliscbem Iklerus 
unter dom von uns gefundcncn Scbwcllenwerl fiir Bilirubinur^e licgen {vgl. 
oben), dass man aJier bei diesor Iklerusform docb golegenllicb Serum- 
werle findon kann, die in dem Scbwcllenwerigebiel 3 bis 6 mg pro 100 ml 
liegen. Wie baufig solcbc Werle gefunden werden, kann man aber nur durcb 
Untersucben mil geeignelen Analysemellioden finden. 

Selbst haben wir 5 Falle hamolytiscber Ikterusformen untcr- 
suclit, Ein Pall von hereditaren hamolyliscbem Ikterus zeigtc bei 
drei Bestimmungen 6.12, 4.84 und 3.16 ing pro 100 ml, einanderer 
1.60 und ein driller 2.76. Ein Fall von Schwarzwasserfieber^ nach 
therapeutischcr Malaria (im Stadium dcr akuten Hamolyse unter- 
sucht) zeigte 2.52 und cine Patientin mil frischcr unbebandcllcr 
Perniciosa zeigt 2.57 mg pro 100 ml. Diese Ergebnisse bcslatigen, 
dass man bei hamolytischcn Iklerusfonncn nur ausnahmsweise 
Serumbilirubinwerte uber 4 mg pro 100 ml lindet, und es ist desbalb 
nicht so venvunderlich, dass man bei diesen Ikterusformen keine. 
Bilirubinurie findct, dass man sicli hierbei zur Aufstellung einer 
Hypothese iiber oiuangelnde Harnfahigkeits dcs indirekten Bilirubins 
gezwungen siehcn sollte. Eine ganz ahnlicbc Anschauung 
kann man iibrigens aus der Arbeit Meulengracht’s (1920) lescn, 
indem er einen Scbwellenwcrt fiir Bilirubinurie bei Ikterusindex 
40 — 50 (niedrigster Wert 36) fand und — wie oben besprocben — 
nur ganz ausnahmsweise Indexwerte iiber 40 bei hamolytischcn 
Ikterusformen. 

Es diirfte also an der ZeU sein, die so allgemein ancrkannte, aber 
so schlechi dokumentierte Hypothese iiber die mangclunde Harnfahi'g- 
keit des indirekten Bilirubin fallen zu lassen, da allc Ergebnisse sich 
ohne diese Hypothese ganz natiirlich erklaren lassen. 


^ Von M. Faber und J. Boas, Nord. Med. 1942: 16 : 3538 veroffcnllicht. 
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t}ber Variationen in der Bilirubinausscheidung 

mit Harn. 

Mfln list cingcfiilirt, duss dcr Schwellenwcrt fiir Bilirubinurie 
ein andere sein solle, wenn das Serumbilirubin steigt. t)ber diese 
Frage kdnnen wir niclit aus eigener Erfahrung sprechen, da wir 
keine Gelegenheit dazu gehabt haben den Scbwellenwert bei anstei- 
gendem Serumbilirubin (z. B. Beispiel im Beginn einer Hepatitis) 
zu bestimmen. Wir haben aber gefundcn, dass es bei demselben 
Fall bedeutende Variationen in der Hamausscheidung ohne kor- 
respondierende Variationen im Serubilirubin geben kann; z. B. gibt 
es oft betraclitlicbe Unterschiede in der Bilirubinkonzentration 
zwischen verschiedenen Harnportionen innerhalb derselben 24 - 
Stundenperiode, ohne dass man parallelc Variationen im Serum- 
bilirubin naclnveisen kann (vgl. oben). 

Aus den zahlreichen Beispielen soHen bier nur einige Hepatitisfalle be- 
sprochen werden, in donen wir genaue lagliche Beobachlungen iiber das 
Serumbilirubin sowie iiber Bilirubinkonzentration im Harn und Diurese 
in Perioden von 3 bis IG Stunden vornahmen. Alle Bilirubinwerte sind in 
mg pro 100 ml. 

Beispiel 1: Serumbilirubin 24/2 (am 9 Uhr, ntichlern) 9.43; Harn 
zwischen 12 Ulir und 15 Ulir gcsammelt; Diurese 230 ml, Bilirubimverl 
5.G4; hieraus wird der i)Clearance»-Werl (Harnkonzentration x Diurese pro 
Min. mil. dem Serumkonzentralion dividierl) 0.80 berechnet. Am 26/2 
wnrde im Serum 10.4 gefunden; Harn 8 llhr bis 12 Uhr 230 ml mit Bilirubin 
2.57 und 12 Uhr bis 15 Uhr 190 ml mil Bilirubin 2.26; i>Clearancei>-Werte. 
0.25 und 0.23. 

Beispiel 2: 23/1 Serum 3.62; Harn 8 Uhr bis 12 Uhr 150 ml und 1.36, 
oClearanceo 0.24. — 24/1 Serum 5.42; Harn 12 U]»r (23/1) bis 8 Ulm (24/1) 
1200 ml und 2.14; »Clearance>' 0.40; Harn 8 Ulir bis 12 Uhr 30 ml war frei 
von Bilirubin; dass dieser Fall der Harnbib’rubinkonzentration von einem 
Fall des Serumbilirubins begleilel sein sollle, isl sehr unwahrscheinlich, da 
Serumwerle zwischen 3.16 und 4.23 in den Tagen 27/1 bis 29/1 gefunden 
wurden. 

Beispiel 3; 22/1 Serum 3.90; Harn 8 Uhr bis 12 Uhr 330 ml und 1.00 
und 12 Uhr bis 15 Uhr 250 ml und 1.28; iiClearance)> 0.36 und 0.45. 24/1 
stieg das Serumbilirubin rvieder an — es war ein Fall akuler Hepalilis, der 
ein Par Wochen gedauerl halle — und zeigte den Well 9 urn 9 Uhr, und 
8.61 um 12 Uhr; im Harn 8 Uhr bis 12 Uhr (245 ml') wurde kein Bilirubin 
gefunden. Es isl zu bemerken, dass die Bilirubinurie in den zwischen- 
liegenden Tagen slufenweise abnahm; wir haben aber in diesen Tagen 
keine Serumbestimmungen vorgenommen. 
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Tabclle 2. 


t>ClcaranccD~'\V cric fiir Bilirubin. 


Beispicl 

No. 

Observa- 
tion No. 

Sernmbilirii- 
bin (mg pro 
100 ml) 

Harnbilirubin 
(mg pro 
100 ml) 

Diurese 
(ml pro 
Min.) 

»Clcarance)) 

1 

1 

9.13 

5.01 

1.38 

0.80 

1 

2 

10.1 

2.57 

0.96 

0.25 

1 

3 

lO.-l 

2.20 

1.00 

0.23 

2 

1 

3.02 

1.30 

0.00 

0.2-1 

2 

2 

5.12 

1.11 

2.1-1 

0.40 

3 

1 

3.90 

1.00 

1.38 

0.30 

3 

2 

3.90 

1.28 

1.10 

0.45 

•\ 

1 

0.76 

-1.08 

0.-17 

0.30 

4 

2 

0.10 

2.90 

0.58 

0.27 

4 

3 

0.10 

2.20 

0.58 

0.20 

5 

1 

7.10 

1.80 

0.00 

0.17 

5 

2 

7.10 

1.70 

0.33 

0.09 

fi 

1 

9.-10—10.1 

3.01 

0,58 

0.17 





4.b‘’ 


o 
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Beispiel 4: 7/11 Serum 6.76, 8/11 Serum 6.16; Ham 16 Uhr (7/11) bis 
8 Uhr (8/11) 450 ml und 4.08; »Clearance» ca. 0.30; 8 Uhr bis 12 Uhr 140 ml 
und ‘2.90; »Clearance!> 0.27; 12 Uhr bis 16 Uhr 140 und 2.20; »Clearance* 
0 . 20 . 

Beispiel 5: 19/2 Serum 7'.10; Harn 8 Uhr bis 12 Uhr 160 ml und 1.80; 
DClearancei) 0.17; 12 Uhr bis 15 Uhr 60 ml und 1.76; sClearance)) O.oo! 

Beispiel 6: 6/4 um 9 Uhr Serum 10.4 mg pfo 100 ml; um 12 Uhr 9.40 
mg pro 100 ml. Harn 9 Uhr bis 12 Uhr 105 ml und 3.40 mg pro 100 ml; 
sClearancei) 0.17. 

Wir haben die Ergebnisse dieser 6 Beispiele in Tabelle 2 und Diagramm 
2 zusammengefasst. ' 

Aus Diagramm 2 geht einc gewisse Zusammcnhang zwischcn Diurese 
pro Minute und »Clearancci)-Wert hervor, indem im allgemeinen.eine grossere 
Diurese pro Minute einer grosseren »Clearanee»-Wert zu entsprechen scheint. 

Man kann sich dieseBefundenichtinandererWeiseerklarenals 
durch die Annahme, dass die Ausscheidung des Bilirubins im 
Harn nur teihveise vom Bilirubingehalt des Serums bestimmt wird, 
und dass andcre Faktoren ah die Bilirubinkonzeniraiion des Serums 
cine cnischeidcnde Rolle fiir die Bilirubinkonzeniraiion des Hams 
spielen. Die grosse Streuung der Punkte des Diagramms 1 bietet 
eine weitere Stiitze fiir diese Annahme. 


Zusammenfassung . 

Die Literatur wird besprochen; Untersuchungen mit zuverlassi- 
gen Analysemethoden sind erforderlich. Es wird iiber Serum- und 
Urinuntersuchungen mit Jendrassik und Gr6f’s Methode in 23 
Hepatitisfalle und 9 Falle von Okldusionsikterus berichtet. Weiter 
werden Serumbeslimmungen in 5 Fallen von bamolytischem Ikte- 
rus sowie Untersuchungen iiber die Tagesvariation des Serumbili- 
rubins in 5 Hepatitisfallen vorgelegt. 

Der Schwellenwert fur Bilirubinurie variierte zwischen 3 und 9, 
am haufigsfen 3 — 6 mg pro 100 ml. Fiir Ikterus neonatorum be- 
truger doch 18 mg pro 100 ml. Es wurde im Harn 15 — lb %, am 
haufigsten 25 — 50 % der im Serum vorgefundenen Konzentra- 
tion beobachtet; nur in einem Fall (cancer pankreatis) wurden 
Werte von ca. 100 % beobachtet. Es bestand kein sicherer Unter- 
schied zwischen Okldusionsikterus und parenchymatosem Ikterus. 
Bei Ikterus neonatorum wurde im Harn nur ein Par Prozent der 
Serumkonzentration vorgefunden. 
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Die direkte Rcaktion wird besprochen; siekann keineBedeutung 
fur die Bilirubinausscheidimg im Harn haben. Die Hypothese uber 
die feblende Harnfabigkeit des indii ekten Bilirubins wird diskutiert 
und als uberHussig und ungeniigcnd begriindct gefunden. 

Bilirubin scbeint nicbt eine Scliwellenwertsubstanz im eigent- 
lichen Sinne zu sein, da andere Faktoren als die Serumkonzentra- 
tion entsclieidende Bedeutung fiir die Ausscbcidung ini Harn 
haben miissen. 
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Chronic Polyarthritis and Trauma. 

By 

ERIK RYDEN. 

(Submitted for publication February 26, 1943). 


The etiology of rheumatic diseases is still far from being clearly 
settled in spite of the intensive research that has taken. place, 
especially during the last decades, in this branch of medicine. In 
fact, it is still an open question, whether acute and chronic poly- 
arthritis can be attributed to the same cause, ^^'hile from a patho- 
logico-anatomical point of vieAV, we may perhaps most readily 
assert with Klinge, that the essential character of all forms of 
))rheumatism» is an altered immuno-biological condition, many 
clinicians consider that both acute and chronic polyarthritis are 
mainly due to specific infections. 

Setting aside these two conceptions of etiology, it then appears 
that general agreement has been reached concerning the existence 
of certain causative factors, which give the clinical aspect of poly- 
arthritis its special character. Among many other contributing 
factors are traumata. 

The problem of the relationship between trauma and polyarthri- 
tis is an old one. Brugiere, in his dissertation of 1817, was the first 
to approach this problem. During the nineteenth century there 
appeared a number of treatises on this subject, first by French and 
then by German authors. The great majority of these publications 
dealt with acute polyarthritis as a result of traumata; but a few 
were more comprehensive and treated the problem of trauma-poly- 
arthritis in its entirety. 
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In his »These de Paris)), (1912), Deveau wrote: 

II nous suffit de savoir qu’il y a un rhuniatisme succedant a un 
trauma, que la preuve n*Gst pas fournie d un maniere, inais quo les 
faits assez nombreux pour exlure tout de coincidense et admettre 
une relation de cause a effet suffisant pour la pratique. 

Since then notices of further cases have been published. In 
Scandinavia, Edstrdm has desciibed five cases of acute polyarthri- 
tis as a result of trauma. To judge by this, it would appear that the 
concurrence of trauma and subsequent polyarthritis is not consi- 
dered to be due to mere cliance. Consequently, we find agreement 
among clinicians who have studied the question, that trauma can 
cause acute polyarthritis. 

On the other hand, this is far from being the case when it is a 
question of tlie primar}’’ chronic form. There are comparatively few 
works that only treat of tlie significance of trauma in tlie genesis of 
chronic polyarthritis. In Scandinavian literature Engstrom has 
dealt with the question, and laler, von Koch has interested him- 
self in cases of sub-chronic and chronic polyarthritis. Quite recently, 
in a series of articles on polyarthritis, Edstrdm lias dealt with the 
problem: trauma-polyarthritis, and has published some cases which 
he considers illustrate the part played by trauma even in chronic 
polyarthritis. 

It would naturally have been easier to estimate the role played 
by trauma, if tlie etiology of polyarthritis had been determined. 
Since this is not the case, we have to depend entirely on direct 
clinical observations. These are as yet in.sufficient for us to adopt 
a definite standpoint. There are some who deny that trauma has 
any etiological significance, and they arc apparently not in a 
minority. For instance, Krebs, who distinguishes between primary 
and secondary chronic polyarthritis, states that he has never 
seen a single case of primary chronic polyarthritis wdiich was defi- 
nitely caused by trauma. But he also states that one cannot set 

O 

away from the fact that a causal relation does exist. 

F. Coste (1937) treats of traumatic diseases of the joints. He 
writes very cautiously- concerning chronic polyarthritis (poly- 
arthrite chronique evolutive), that some cases are knovm where the 
incipience of polyarthritis coincides with trauma; but adds, that 
these cases are rare. If the problem of chronic traumatic polyarthri- 
tis is to be solved in a positive manner, a wider range of data will 
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have to he furnished, which demonstrate convincingly the possi- 
bility of a causal connection. 

When it is a matter of establisliing a causal relation between 
trauma and acute polyarthritis, where the conditions are perhaps 
simpler than in the case of chronic polyarthritis, the following 
conditions have been suggested as necessary, in order to determine 
that trauma has been the cause of polyarthritis. 

1) The time interval between the trauma and the polyarthritis 
should be as short as possible. 

2) The symptoms, in the joint which has been affected by 
trauma, should not have completely disappeared before the arthri- 
tic alterations appear in other joints not affected by the trauma. 
That is to say, before the process becomes a polyartritic diffusion. 

3) Polyarthritis is to commence in the injured joint. 

But concerning the last condition (3), there is lack of unani- 
mity: Some of the authors are of the opinion that truma may be 
looked upon as having caused acute polyarthritis, even if the latter 
did not begin in the injured joint. 

When attempting to set up similar conditions for the relation- 
ship between trauma and chronic polyarthritis, we must take into 
account the difference in the development of acute and chronic 
polyarthritis. It is true that we do not know any definite incuba- 
tion period for acute polyarthritis. According to clinical experience 
however, this should be reckoned rather in days than weeks; and 
from this point of view, it is held that the outbreak of the disease 
should take place within the same period of time even after 
trauma. 

Apart from such cases wdiere chronic polyarthritis commences 
with an acute attack, it begins in a relatively lingering form in some 
joint and gradually spreads to other joints. The claim that the 
time interval should be as short as possible cannot directly apply to 
this type of chronic polyarthritis, W’^hich is assumed to have a cau- 
sal connection with trauma. The condition that no time interval 
should exist, wdiich is free from symptoms, in the development of 
the disease: traumatic chronic polyarthritis of the joints, is one 
that must be insisted upon here, just as in the case of acute 
polyarthritis. 

In the same w'ay polyarthritis should commence in the injured 
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joint. This condition is also essential. In the case of acute poly- 
arthritis arising within a short interval, we may perhaps venture 
to assume a causal connection with trauma, even if the polyarthri- 
tis does not start in the injured joint. In the case of chronic poly- 
arthritis however, where the time interval is often relatively long, 
this condition cannot be set aside. If we venture to assume a con- 
nection between trauma and a disease which develops chronically 
and is localised in different places; and if at the same time we 
wish to support our claim by referring to certain clinical cases, we 
must insist that this chronic disease should begin in the member first 
injured. 

As long as we cannot experimentally produce or cause chronic 
polyarthritis by means of trauma, and thereby also demonstrate 
that this polyarthritis commences in a joint which was not affected 
by the trauma, we have no right to dispense with this condition 
regarding localisation. When the condition, that polyarthritis 
should begin in the injured joint and that there should not be any 
time interval free from symptoms, concerns chronic polyarthritis, 
it also entails, in actual practice, that while the first symptoms still 
remain in the injured joint, arthritic alterations should develop in 
other joints frequently symmetrical ones. 

I'he question is not only of great theoretical interest; but is, in 
one sense, of equal practical significance. At present, a patient 
suffering from primary chronic polyarthritis, which manifests it- 
self in connection with trauma, is not generally considered to be the 
victim of an accident. Consequently, as a rule, compensation is 
refused in accordance vith the laws regulating cases of accident. 
This circumstance clearty reflects the view prevalent in leading 
medical circles in our country. It is possible, that the examina- 
tion of more ample data would cause the present attitude to be 
revised. In any case, the question certainly merits further inves- 
tigation. 

During 1940, at least ten clear cases of chronic polyarthritis 
following upon trauma were treated at Nynas Sanatorium. The 
author has, on this account, gone through all the journals respect- 
ing patients who suffered from diseases of the joints and were 
treated at this sanatorium between 1933 — 1940. Cases of relapse 
have not been included; even though the anenmestic data seemed 
clearly to indicate that the relapse was due to trauma. Further- 
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more, all cases have been excluded where there was uncertainly 
regarding the reciprocal connection between trauma and the appear- 
ance of the symptoms in the joints. 

After this process of elimination, the data contain nineteen cases 
of chronic polyarthritis where the connection between a former 
trauma and the outbreak of the disease seems probable. Of the 
seven cases at Nynas Sanatorium which were published earlier by 
von Koch, three are here included. The collected data represent 
2.1 % of the whole clientele of the Sanatorium. This figure however, 
should be taken cum grano salis, since the anemnestic data were 
collected by different investigators over a period of some years. 
Particularly, as at an earlier stage no special attention was paid to 
the connection between trauma and polyarthritis. 

From 1933 — 1935, one of these patients was admitted; between 
1936 — 1938, 2 — 4 patients each year; in 1939 arid 1940, 7 and 2 
patients respectively. Of these nineteen cases, sixteen were men 
and three women. This ratio of sixteen to three is very different 
from the proportion of the sexes usually found in cases of chronic 
polyarthritis. In the data under examination the women are 
greatly in the minority; whereas, as a rule, among patients suffer- 
ing from chronic polyarthritis, the number of women is from 
60 — 70 %. (.According to Kaltlmeter and others). 

The respective ages of the patients are given in Table I. 


Table I. 


Age 10—19 

20-^29 

30—39 

40 — 49 years 

IMen 3 

3 

3 

7. 

Women 


3 



All the women are between 30 — ^39 years of age. The men arc more 
evenly divided in decades; except for the period 40 — 19 years 
which contains seven cases. Since nursing homes under the Ministry 
of Pensions do not admit patients above this age limit, there is no 
case over 50 years of age in our data. All the men were manual 
workers; Slonebreakers, mechanics, woodcutters, farm labourers, 
disli-washcrs and electricians. This is quite natural, since the risk of 
trauma is greater in these occupations than in others. 










448 


EniK HYDEN. 


worked the stiffness off. At Christmas 1938, lie found it difficult to dress 
and undress on account of stiffness in the shoulders. Pain in his wrists and 
knuclcles made it hard for him to attend to his work. The patient con- 
tinued to work, with short interruptions in spite of the fact that his pains 
increased every month. He consulted a doctor in March 1939; the red-cell 
sedimentation reaction was then 48 mm. He was susceptible to throat in- 
fections, and he had his tonsils removed in Maj' 1939. 

The patient was first admitted to Nynas Sanatorium in June 1939 . 
X ray: skeleton of the hand showed slight decalcification . . . slight destruc- 
tion of the condyle of metatarsal V of both feet, but no other alteration. 
He was again admitted to Nynas Sanatorium in 1940. He started to work 
six months after his first discharge; but the pains in his joints returned 
and were now principally in the knee and ankle joints. 

In the spring of 1940 the red-cell sedimentation reaction was 40 and 
38 mm. On admission it had been 45 mm. 

In this case, the patient had received a blow to his right foot, which 
caused periodical suffering. During the first period this was limited to the 
injured foot. After 5 — 6 months (the actual time is uncertain) similar 
symptoms appeared in the left foot, and during the subsequent months 
spread further to other joints. The patient’s tonsils were diseased and his 
teeth were bad. 

Case No. 3. Journal No. 438/1933 and No. 430/1934. Born 1887. Farm 
foreman. In Maj' 1933 trauma of left fool which gave rise to a fracture of 
the metatar.sus. A fixation bandage was applied and the patient was con- 
fined to his bed for three weeks. tVIien he was allowed to get up again the 
foot was still swollen and painful. In accordance with the doctor’s advice 
he began to work again. After a couple of weeks his condition grew worse, 
and the patient was admitted to hospital. During his stay in hospital pains 
started in his right foot, and the pain Avorked its way up into the leg so that 
pain and rigiditj’^ affected the knee and the patient was unable to Avalk. 
When these complaints grew le.'^s, they were replaced by pains in the 
groin, hip and the lumbar-thoracic cervico-spine; there Avas also pain and 
restriction of movement in the right shoulder blade. The patient AA’as 
afebrile. On returning home he Avas unable to Avork until November 1933, 
Avhen he Avas admitted to Njmas, and the red-cell sedimentation reac- 
tion Avas then 12 mm. Some of his teeth Avere slightly carious; no 
other bacteria foci Avere discovered. The patient had to be readmitted in 
the autumn of 1934. On both occasions his condition improved; but it 
Avas considered impossible for him to return to his former occupation. 

At an earlier period, the patient had sustained tAVO traumata: in 1917 
he had been kicked in the forehead by' a horse. This had later affected the 
hearing of his left ear. In 1 930 there occurred a fracture of the right meta- 
tarsus. In six Aveeks this Avas completely' cured. 

Here we have a case of trauma to the left foot, causing a fracture of the 
metatarsus and tAVO and a half months later developiilg into chronic poly- 
arthritis. 
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Case No. 4. Journal No. 727/1935. Born 1896. Stonebreaker. In the 
summer of 1934 tlie patient met with an accident, injuring hi.s right elbow. 
The joint swelled up and became stiff. This passed, but after some time 
the slight pain and stiffnes that was felt on making movements began to 
increase. Some months later similar difficulties were experienced in con- 
nection with the left elbow. Neither elbow could be fully stretched out. 
Later, a slight sense of stiffness and pain were lelt in the shoulder, wTisc, 
ankle and knee joints and in the left hip on moving. Lassitude. No reduc- 
tion in weight. Temperature was not taken. On admission to Nynas Sana- 
torium in 1935 the red-cell sedimentation reaction was 20 mm; this subse- 
quently fell to 2 mm. Slight alveolar pyorrhea. The tonsils were in good 
condition. The periarticulative capsule of the elbow joints was swollen, 
there was a defect in ability to stretch of 30°, and pain was felt on 
mowng; also restricted abduction of shoulder joints and rotation 
right=left. The patient was unable to clench his fists properly and his 
grip was impaired. 

A case of trauma in one elbow, where the symptoms disappear fairly 
rapidly; but after some time reappear. In the course of a few months thej’- 
spread to other joints. The elbows were the joints which were most affect- 
ed during the whole illness. 

Case No. 5. Journal No. 335/1936. Born 1916. Electrician. Several 
small traumata here and there. During his school j'ears the patient had 
suffered from scrofula of the eyes. From time to time he had experienced 
nasal obstruction. Suffered from lonsilitis at the age of four, since when he 
had been seldom troubled by throat infections. In September 1934, trauma 
in right leg (knee). Within three days the knee had become swollen and 
painful. In 1934 he visited the hospital and plaster was applied for two 
periods of three weeks. 

X ray: negative. Later on the swelling in the knee increased. In July 
1935 a specimen excision was performed on the right knee — the result 
showed hyperplastic follicular synovitis. New plaster was applied. Some 
months later, the swelling and stiffness in the ankles and left -wrist in- 
creased. The red-cell sedimentation reaction was under 80 — 50. The 
patient lost 16 kilos in weight. 

On admission to Nynas Sanatorium the red-cell sedimentation reaction 
was 71 mm. The patient’s throat and teeth were in good condition. The 
tonsil cavity was empty. X ray of the skeleton of the knee and hand: the 
alterations were mainly localised in the knee and ankle joints. 

A case of polyarthritis developing in connection with a protracted, 
obstinate, traumatic monoarthritis of the knee joints. No bacteria foci 
were observed. 

Case No. 6. Journal No. 223/1937. Born 1918. Mechanic. At the end 
of August 1936 trauma of the left knee. The swelling and stiffness in- 
creased. The patient stopped working three days after the accident. 
Nearly simultaneously -with this, the patient experienced sensitiveness in 
the left ankle and under the sole of the left foot when walldng. He con- 
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C-zye No. Journal No. 373/1939 Born 1911 Repairer. On Septom- 
l)er 22, 1938 a heavy piece of iron fell on his right foot. He limped, hut 
tried to jday football in spile of the injury. He pul his fool in cold water 
to ease the pain. On October 5 the s\Yellihg and pain in the right fool in- 
crca.scd. On October 7 the patient wa.s admitted to a cottage hospital. He 
was subfobrile. The red-cell sedimentation reaction showed 38 mm. 
Shorlly afterwards, swelling, sliffnc.ss and pain were experienced in the 
right knee, the left ankle and the toes. Wien he was discharged on Decem- 
ber 18, the red-cell sedimentation reaction showed 20 mm. He was un- 
able to work during the whole of the spring of 1939 on account of pains in 
the feel. Ho was admitted to Nynas on March 31, 1939. During his .stay 
the red-cell sedimentation reaction showed 13 — ^^17 — 21 mm. 

The patient walked unsteadily, with legs wide apart. His feet were 
most affected. He had flaccid, cleft tonsils. The X ray taken on April 4, 
1930 showed dccalcification in the skeletons of both feet. The joints’ 
space had everjnvhcre retained its height. No destructions were observed. 
Local, spotlike attenuations were noted in the condyle of metatarsal I 
on both sides. 

He was discharged as his condition had improved. The patient was 
able to work until the spring of 1940; when, as a result of an acute attack of 
gastro-enleritis, there w'as a recurrence and intensification of the process 
in the feel, hips and right knee. He was readmitted to Nynas on August 
21 1940. The red-cell sedimentation reaction showed 2G — 11 mm. 

Slight swelling was observed around the fastening of the Achilles’ 
tendon of the right foot; and there was slight tenderness on pressing, and 
the second loo of the left foot was somewhat swollen. 

The patient was X rayed on June 2.9, 1940. The skeleton of the foot 
only manifested slight decalcification. On the underside of each calca- 
neus wore spur-formations together with slight destruction. In addition 
to this, slight destruction was noticeable in the right metatarsal V. A for- 
mer examination had shown a periostitis to bo present on this metatarsal 
hone; this had now disappeared. 

When the patient was discharged on September 11, he only felt slight 
pain in flie right knee after exertion. He could stand on his toes; and 
except for crepitation, his right knee was in good condition. 

Here is a case of trauma of one foot giving rise to arthritis, and in con- 
junction with this developing into general polyarthritis. In this case, 
beside the trauma, there was a significant factor — the local chill to the 
injured fool. Furthermore, the patient’s tonsils were flaccid and cleft. 
Tltese wore removed at a later dale. 

Cafe No. (K Journal No. 71G/193S. Born 1923. Slonebreaker. On 
Juno, tu, 1938 the patient received a blow from a .sledgehammer to his left 
hand. Iho hand wa.s swollen and mobility restricted. The patient experi- 
em ed pain in his hand, and a feeling of weakness in his whole arm. He 
continued to work; hut the symptoms grew so much worse that he had to 
stop. On August 4, he look medical advice. As it was supecled that this 
.10 mcA. scandinaiK VoL CXIV, 
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might prove to he a case of tuberculosis, the patient was sent to hospital 
At his juncture, pain began to be felt in the left ankle when moving. 

An X ray of the left hand showed a condition of diffused atrophy. 
In all other respects conditions were normal; this also applied to the skele- 
ton of the foot. During his stay in hospital the red-cell sedimentation 
reaction showed 29 — 21 mm. 

At the commencement of his hospital term the patient complained of 
pain on moving his right wrist. Wlien the patient had caught a scolds 
which was accompanied by rhinitis and infection of the throat, the sym- 
ptoms which already existed in the joints of both hands and in the left 
foot were aggravated. After the patient’s discharge from hospital and 
until he was admitted to Nynas he had two periods of relapse, during which 
stiffness and pain on moving were felt in the left elbow. 

On admission to Nynas on June 26 1939 arthritic alterations were 
observed in the wrist and finger joints, and in the left elbow and the left 
ankle. On his discharge, the patient had almost completely recovered. In 
three months’ time he started to work again. Three months later he felt a 
sense of stiffness and tenderness in the proximal finger joints, and in the 
joints of wrists, elbows and ankles. 

The patient was readmitted to Nynas Sanatorium on August 2, 1940. 
The red-cell sedimentation reaction during his stay at the sanatorium 
showed; 13 — 18 — 9 — 20. The results of the X ray taken, were the same as 
befo*’P. He had small tonsils free from any signs of irritation. The teeth 
were in good condition. The small finger joints, the wrist, elbow and 
ankle joints were all affected. On discharge his condition had improved. 

Here we have a case of progressive chronic polyarthritis developing 
in connection with an injury to the patient’s hand, without there being 
any bacteria foci observed. About two and a half months after the trauma 
had taken place, the first lingering symptoms were observed in the other 
joints. 

Case No. 10. Journal No. 39/1940. Born 1901. Farm-ower. On 
November 5, 1937 patient sustained trauma to his left wrist with fracture 
of os hamtum sin. Plaster was applied. He continued to work; but felt 
pain in his wrists; and these were swollen. In April 1938, the right elbow 
began to get stiff and sensitive. The patient was treated for a month at 
the Cripples’ Hospital. The red-cell sedimentation reaction showed 45 
58 mm. His condition did not improve. He was then admitted to hospital 
and treated there from November 25 1938 to March 24 1939. Diagnosis: 
Polyarthritis chron. posttraumatica -}- pes. plan, bilat. -f Caries dent, -k 
Otit. med. chron. dext. 

He was afebrile and the red-cell sedimentation reaction showed 62 mm. 
The left wrist, right elbow joints and the right foot were all affected. The 
patient’s health improved. Later, his condition deteriorated, and he ivas 
admitted to Nynas on January 9, 1940. The red-cell sedimentation reac- 
tion showed 25 mm. 

The left wist, the right elbow and the right shoulder joints were affect- 
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ed. The right knee was somewhat stiff; on moving, the right hip and the 
right ankle proved sensitive. 

An X ray of the left wrist showed destructive arthritis; the right wrist 
was in good condition. Both left and right shoulders were in good condi- 
tion. The right elbow was affected by arthritis. During his stay at the 
hospital his red-cell sedimentation reaction showed 25 — 7 — 20 mm. 

On his discharge, symptoms continued to be observed in the left wrist 
and right elbow joints. 

A case of a left-sided fracture of the wrist, which in spite of treatment 
did not become free from symptoms; but after about four months sym- 
ptoms were also observed in other joints. Chronic bacteria foci were 
established. 

" Coso No. 11. Journal No. 772/1939 and No. 203/1940. Born 1890. 
Blaster. In 1938 the patient dislocated his right knee, and went about, 
for fourteen days, with the knee swollen. He attended the surgical poli- 
clinic; a plaster cast was applied first, and later, an elastic bandage. He 
never fully recovered. He went to work with a swollen and stiff knee. 
Five months later the patient had pains in the groins and experienced diffi- 
culty in walking; whereupon he again attended the surgical policlinic. 
Plaster and an elastic bandage were applied; be also underwent a rest cure 
but without beneficial result. Consequently, a specimen excision was 
made. As at the same time pain and stiffness developed in the right shoul- 
der the patient was removed to the medical department, where he was 
treated for five months during 1939. 

General conditions; More and more of the large joints became affected. 
In this respect, the knees were the worst, and the right one was particularly 
swollen. The red-cell sedimentation reaction showed 138 — 114 mm. For 
the time being, the patient’s condition rvas so much improved that he could 
walk alone. 

On admission to Nynas on July 14 1939, the patient suffered most 
from swelling and pains in the knees on moving; especially in the right 
one. Difficulty was experienced in walking. The red-cell sedimentation 
reaction showed 111 mm. The tonsils were somewhat flabby and smeary; 
but there was no sign of acute irritation. The teeth were bad. On July 17 
1939, the knee joints were X rayed; Decalcification and sharpening of the 
limitation of the joints’ surface was observed. Right tibial condyle showed 
attenuation size of a finger-tip, which continued as far as the joints, and 
was probably due to an old impression fracture. Hip joints; slight decal- 
cification. Right shoulder; smallish osteophytic formations at limita- 
tions of the joints’ surface — a sign of arthritis deformans. A grinding 
surface was also observed on the lower surface of the acromion, which 
indicated rupture of the supraspinatus. The left shoulder was in good 
condition. 

The X ray on October 9 1939 of the hip joints showed slight decalcific- 
ation. The patient’s condition improved; but he was readmitted on March 
15 1940 in order to continue his treatment. In the meantime he was able 
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to undertake light work until the cold weather set in. The large joints 
continued to be those primarily affected, especially the knees. 

X ray showed that the hip was now in good condition. Knee joints- 
calcification improved; otherwise, the same condition as before. There was 
no change in the condition of the shoulder joints. The skeleton of the 
hand was in good condition. 

The patient continued to go about for five months while suffering from ' 
traumatic arthritis of the knee; whereupon a lingering polyarthritis deve- 
loped which affected most of the large joints. During the whole course of 
the illness the two knee joints were most affected and were also the most 
difficult to cure. 

Case No. 12. Journal No. 1024/1939. Born 1896. Dishwasher. On 
May 21 1939 the patient slipped and dislocated his right foot. After some 
daj^s it became so swollen that he could no longer walk. It was looked 
upon as an accident arising out of his work. In a week’s time the other 
foot was also swollen. He was admitted to the surgical department. Within 
sixteen days the left knee and the left wrist were swollen, and the former 
was tapped. The patient was then transferred to the medical department. 
He was afebrile. The red-cell sedimentation reaction showed 37— 10 mm. 
He had bad teeth, and these were now attended to. The paitient’s condi- 
tion improved. He was admitted to Nynas on September 13 1939. He had 
no teeth. The tonsils were cleft and of normal size. His gait was stiff and 
unsteady. The foot and toe joints were most affected. During his stay in 
hospital the red-cell sedimentation reaction showed 5 — 4 mm. 

A case of polyarthritis manifesting itself in a subacute form in a good 
week after the trauma to the foot had occurred. Throughout, the foot- 
joints continued to be the least susceptible to treatment. 

Case No. 13. Journal No. 1306/1938. Born 1911. Dairyman. In 1938 
the patient’s right hand was crushed. »A fracture of the tendonsD was 
established. Plaster was applied. Wlien this was removed, the hand was 
stiff and the patient was unable to use it. He received special treatment 
for fourteen days to make the joints pliable. The right hip and the left 
great toe were now swollen and painful. He was treated in hospital for 
two months. During this period the red-cell sedimentation reaction show- 
ed 56 — 32 mm. He was afebrile. Wliile he was in hospital he had pains in 
the shoulders. Wlien he was discharged his condition had considerably 
improved; but in two weeks’ time he suffered a relapse. On admission to 
Nynas on December 19 1938 the s3'’mptoms were now especially notice- 
able in the shoulders and in the acromio-clavicular and hip joints. Volar 
sensiiivehess of the right wrist was experienced; but for the rest, it was 
in good condition. The red-cell sedimentation reaction showed 17 — 20 mm. 
The tonsils were in good condition. During the last few years he had had 
trouble with his teeth. Inflammation and destruction at the root of -f 2 
•was observed. The patient also suffered from diabetes mellitus,. 

The patient’s symptoms begin in a traumatized and plastered ■wrist, 
when this is mobilized two months after the trauma occurred. 
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Case No. 14. Journal No. 899/1939 and No. 633/1940. Born 1889. 
Confectioner. In June 1938 the patient’s wrist had been sprained. It sw;ell- 
ed up at once and became tender. It was better in a week; and the patient 
continued to work but with difficulty. At the beginning of July it was 
still swollen, and stiffness and sensitiveness were experienced in the right 
•wrist. In two or three weeks, the patient’s condition improved; but now 
there was stiffness in the right shoulder and its mobility was restricted. 
During August the symptoms in the right hand and right shoulder were less 
pronounced; while now the same symptoms began to be observed in the 
left shoulder. Some weeks later swelling, stiffness and sensitiveness were 
experienced in connection with the left -wrist. During the autumn of 1938 
the patient complained of lassitude, and sensitiveness in the legs. About 
July 1938 the ankles were swollen; Avhile the feet became stiff and tender 
under the soles and in the arches. 

Subsequently, different joints were affected; but the worst were the 
right -wrist and the ankles. The patient received hospital treatment from 
March 9 to June 15 1939. He was admitted to Nynas on August 15 1939. 
The iwists and ankles were affected. The mobility of the shoulders was 
somewhat restricted. The red-cell sedimentation reaction showed 39 — -52 — 
36 mm. The patient’s condition was greatly improved; and he began to 
work as soon as he was discharged. Very soon however, he suffered a 
relapse as regards the condition of his feet. After this he could only do 
light work. He continued to grow worse and was consequently readmitted 
to Nynas on August 19 1940. During his stay the red-cell sedimentation 
reaction showed 53 — 98 — 118 mm. The feet and the right wrist were 
affected. X ray on August 23 1940 showed the foot skeleton to be slightly 
decalcified. Since the last examination slight destruction had taken place 
in the first joints of the IV toe. There was no change as regards the first 
joints of the III toe. Furthermore, cartilage reduction had taken place in 
every talo-navicular joint; but the tarsus was in good condition. The 
anlcles were also in good condition. In the right hand: considerable arthri- 
tic destruction was observed in the -wrist; this consisted in cartilage 
destruction and slight destructions. There were no alterations in the 
finger joints. The left hand and the lungs were in good condition. On 
the patient’s discharge his condition generally remained about the same. 
A new cure Avas proposed. ‘ 

A case of a medium but protracted chronic polyarthritis appearing in 
less than two months after a traumatic monoarthritis. During the whole 
period, the traumatic joint was among those most affected. No bacteria 
foci Avere established. 

Case No. 16 . Journal No. 302/1936. Born 1906. Chauffeur. On Octo- 
ber 18 1935 the patient dislocated his left foot. He attended the surgical 
policlinic. X ray gave a negaive result. The patient Avas requested to 
return some days later, Avhen a plaster cast Avas applied. A Aveek after 
this, he commenced to feel pain in his wrists, and someAvhat later these 
Averes Avollen. On October 31, he had fever. The plaster cast Avas removed 
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and the patient was admitted to the medical department; here he was 
treated until November 10 1936. The red-cell sedimentation reaction 
showed 100—18. During his stay at the hospital the knees were also 
affected; especially the left one which was very swollen. It was tapped. 
The guinea-pig test gave a negative result. On discharge his condition 
had improved. 'V^'liile he remained at home his condition continued to 
improve. 

On April 3 1936 he w'as admitted to Nynas. Symptoms were observed 
in the knee and ankles. He was discharged as fully recovered. The red- 
cell sedimentation reaction shoAved 9 — 13 — 6 mm. The patient had for- 
merly suffered from iritis; this was now considered to he fully cured. Tlic 
tonsils Avere very hypertrophied and scarred. He had lost scA'eral teeth. 

A Aveek after the trauma to the left ankle had occurred, aa’IuIo the 
patient AA'as Avalking about AAuth a plaster cast, a lingering polyarthritis 
developed AA'hich first affected the AATists. 

Case No. 16. Journal No. 305/1940. Born 1890. Smith. Generally 
speaking, he had alAva3's been healtln'. Only in later life he had had trouble 
Avith his teeth. He noAV only had artificial teeth. In May 1939 he had 
received a bloAV to his left knee. Within fourteen days it had SAA’ollen up, 
and there Avas stiffness and sensitivene.ss. He continued to AA’ork until 
June 26, AA'hen he AA'as admitted to hospital. He had a ganglion at the 
back of the left knee and an effusion. 80 cm® AA'ere remoA'ed on tapping 
the left knee. Extirpation of the ganglion. While he AA’as confined to 
his bed, he suffered from embolism of the lungs. This necessitated him 
staj'ing another seven Aveeks in bed. During this time he experienced 
pain and stiffness in the AA'rists, the knee, elboAV and finger joints. In Octo- 
ber 1939 the left knee AA'as tapped again. The red-cell sedimentation 
reaction shoAA'ed 24 — 33. 

He AA'as admitted to the medical department in February 1940 on 
account of his polj'arthritis; and he AA'as treated policlinically until he 
came to Nj'nas on April 24 1940. X ray of the knee joims shoAA’ed a moder- 
atelj' pronounced, diffuse decalcification. The contours of the joints Avere 
sharp. The right elboAv and the knee joints AA'ere most affected especially 
the left one. The red-cell sedimentation reaction shoAA'ed 41 — 19 mm 
during his staj'. On discharge, his condition had improA'ed; hut he Avas 
unable to resume AA'ork. A ncAV cure Avas proposed in six months’ time. 

Two months after the attack of traumatic monoarthritis, the first 
lingering sj’mptoms of chronic polyarthritis Avere observed. During the 
AA'hole course of the illness, the injured joint Avas among those most affected. 

Case No. IT. Journal No. 7711937. Born 1898. Married AA'oman. In 
1934 the patient »dislocated» her right knee, AA'hich became sAA'ollen. She 
had a little fcA-er, and the AA'rists and finger joints AA'ere somewhat sensitiA'c. 
In six months’ time she had recovered. In January l936 another »disloca- 
tions* of the right knee occurred; the knee AA’as again sAA'ollen. She got up; 
and after a month she felt pain in her AATists and finger joints. The 
ankles AAcre also painful and sAAollen. She AA'alked AA'ith difficulty during 
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the whole ol the spring of 1936. She first consulted a doctor on June 1. 
She Avas then subfebrile, and the knee Avas tapped. She Avas confined to 
her bed for four Aveeks. Her condition greAv AA'orse, and sheAvas admitted 
to hospital from August to October. 

On discharge, the patient felt some signs of stiffness in the heels; in all 
other respects she Avas quite all right. When she had left the hospital she 
had her teeth extracted; Avhereupon she again had fever, and the joints 
became more seriously affected. She Avas confined to bed for a Aveek. 
Her condition improved gradually. 

She AA'^as admitted to Nynas on Januari 27 1937. The red-call sedi- 
mentation reaction shoAved 5 mm. X ray of the right Icnee joint shoAved 
diffuse decalcification Avithout arthritic deformations or any other alte- 
rations in the skeleton. The flection of the right knee Avas slightly arrested; 
the same applied to the dorsal flection of the right foot. Pain Avas felt in 
connection Avith the max. flection of the right knee. Possibily exudation 
in the interphalangal joints dig II — III dextra. Several teeth Avere missing 
and the tonsils had been remoA’ed. 

After the first trauma to the right knee there were slight symptoms 
of polyarthritis. In connection AAuth the second trauma to the same knee, 
symptoms in other joints appeared Avilhin a month. There AA’as a tempo- 
rary recurrence of the complaint in connection Avith the extraction of the 
patient’s teeth. Bacteria foci Avere located around the teeth, and had 
probably also existed at an earlier dale in the tonsils. 

Case No. IS. Journal No. 1067/1939. Born 1905. Married AA'oman. 
In July 1938 the patient dislocated her right fool. Within three days the 
swelling and pain in the foot increased, and the patient had fCA'er up to 
39°. The infection spread rapidly to the AArrisls, finger, Icnee and toe joints. 
She AA'as confined to her bed for three months, and Avas admitted to hos- 
pital, AA’here she recemd treatment from October 1938 to January 1939. 
During the summer of 1939, her condition, AVhich had been improAung, 
deteriorated, and she AA^as consequently admitted to Nynas on October 
10 1939. The red-cell sedimentation reaction shoAA'ed 15 — 8 mm. She 
experienced ssensitiA^eness in the glands Avhen it A\ms cold.o On admission, 
it Avas principally her anlcles that Avere affected. 

A case of polyarthritis starting in an acute, form after a trauma to 
the right ankle and then developing chronically. The tonsils were most 
likely a chronic source of infection. 

Case No. 19. Journal No. 1229/1939 and No. 1074/1939, and No. 720/ 
1940. Born 1899. Married Avoman. In July 19 37 receiA'ed bloAV to the 
left knee, which SAvelled up. She Avent about during the Avhole of the 
spring of 1938 Avith a swollen knee. When she consulted a doctor tuber- 
culosis Avas suspected. In June she was admitted to hospital for examina- 
tion. The knee Avas tapped and x rayed: and the patient Avas alloAA'cd to 
return home. While she remained at home, the joints began gradually to 
be increasingly affected. The aatIsIs, and the joints of the shoulders, hips, 
jaAATs, and left knee, and the neck Avere all affected. SAA’elling, pain and 
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stiffness were observed. She probablj’- went about with a subebrile tem- 
perature; there was no infection of the throat, nor any other kown cause 
to account for temperature. During the whole period the left knee was 
most affected." 

She was admitted to Nynas on November 30 1938. The red-cell sedi- 
mentation reaction showed 34 mm. Most of the large joints and the small 
joints of the hands were affected. On discharge, her condition had im- 
proved. Only in the left knee and the ankles were any larger alterations 
observed. She was admitted again in 1939 and 1940. Each time it was 
the left knee that was the most affected joint and was also least suscept- 
ible to treatment. The patient had a benignant goitre of moderate size. 

A case of traumatic monoarthritis which in six months developed into 
a serious case of chronic polyarthritis. No chronic bacteria foci were 
observed. 


Trauma. 

Before any significance can be attached to a trauma in con- 
nection with chronic polyarthritis, the former must be characterised 
by a certain size and gravity. In the case histories under review 
there are three instances of the trauma causing fractures. In four 
other cases a plaster cast was applied; and in five further cases tapp- 
ing or some other operative measure was taken, in connection with 
the joints themselves or with parts of the body close to them. In 
two cases tubercular monoarthritis was suspected. 

The traumata consisted in: a fall injuring the elbow; falling on a 
cement floor; falling doivn stone stairs; knee knocked against an 
iron beam; blows from a shovel and a sledge-hammer; a knock 
sustained when jumping; dislocation and crushing (sprain) of 
various joints and members. 

Local Symptoms and Their Diffusion. 

Local symptoms have arisen in direct connection with the trau- 
mata and must be considered as being caused by these. The pat- 
ient has suffered from pain and swelling in the injured member. 
Where a non-elastic bandage was not applied, movement caused 
tenderness and pain. In spite of therapeutic treatment exud- 
ation has recurred. Functions have been restricted; the patients 
limped; they were unable to bend or stretch fully. The sjmiptoms 
have been periodically aggravated; especially when the patients 
tried to work. Symptoms have gradually appeared in other joints 
while they continued to be observed in the joint that was injured 
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first. In a few exceptional cases, where development was more 
rapid, tlie symptoms in tlie joint that was first injured, have decreas- 
ed simultaneously with the appearance of arthritic alterations in 
other joints. This variation in the course of the disease is not at 
all unusual in cases of chronic polyarthritis. I'he development 
has, in all cases, been such as in customary in chronic polyarthritis. 
In many instances polyarthritis has first manifested itself as sub- 
chronic monoarthritis; but in other cases, the disease has, front the 
very outset, taken the form of an acute attack of polyarthritis. 

The Time Interval. 

The time interval is sliown in Table II. I'Jie cases have been 
arranged in accordance with the time that elapsed- between the 
occurrence of the trauma and the appearance of the symptoms in 
joints other than the one first injured. 


Table II. 


Time Interval 

Men 

W^onmi 

Days 1—7 

1 

1 

Weeks 1—4 

3 


Months 1 — 6 

12 

2 

Total 

IG 

3 


If we examine the case histories in detail we shall find that the 
time intei^ml varies from three days to six months. The knee joints, 
anldes and writs are usually the members which arc primarily in- 
jured; and together they cover the whole range of the lime interval. 
Thus the time interval for Icnee injuries varies from three da^^s to 
six months; that for foot injuries from three days to five or six 
months, and the interval for hand injuries extends from five or 
six weeks to four months. On an average, the time interval is 
longer for knee injuries and shortest for foot injuries. 

Conclusion. 

The cases are found to comply with the conditions, which were 
stated at -the commencement of this article, to be requisite, if we 
are legitimately to postulate a causal connection between a trauma 
and the chronic polyarthritis that subsequently develops. 
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Analysis of the Case Histories. 

Wc find Dial in seven cases Uie primary injury was to the knee 
joint, in six to the ankles and in five to the vTists; finally, in one 
instance it was the right dhow joint that was first injured. As 
might he expected, it is the knee, ankle and wrist joints that doini- 
nale. These joints arc the most susceptible to trauma and are often 
attacked by chronic polyarthritis. 

It is noteworthy that our data docs not furnish us vath a single 
case of a traumatic shoulder joint developing into polyaiiiirilis. 
Trauma frequently occurs in connection with the shoulder joint, 
which plays a verj^ jirominent functional part and is very exlen- 
sively subject to polyarthritis among middle-aged and elderly 
patients. Consequently^ we might have expected to find the 
shoulder joint ixprcsented among the injured joints as often as the 
knee, ankle and vrist joints. 

As it may' prove of interest to note the condition of the injured 
joint during tlic period extending from the occurrence of the trauma 
to the appearance of the symptoms in other joints, particulars wll be 
found in Table III, The Table also furnishes information concern- 
ing the duration of the lime interval and the nature of the bacteria 
loci. The latter problem will be dealt with more fully at a later 
stage. 

A cross in parentheses: (-j ), indicates that the anenincslic data 
show that the patient had suffered from an infectious disease, 
which may have contributed in producing bacteria loci. 

We see that in five cases the patients did not freely use the in- 
jured joint, since cither a plaster splint was applied, or the patient 
was confined to bed. The five injured joints consisted in: two knee 
and two ankle joints and one wrist joint. In fourteen cases the 
patient had overstrained the joint by continuing to work in spite 
of the fact that the sy^mploms were still observed. Some of the pati- 
ents only ceased working when the symptoms actually prevented 
them from continuing. Others again, had the joints in question 
immobilised, either by'^ the application of plaster casts or of support- 
ing bandages for one or two months. 

When these were removed and the patient had worked for some 
time, lingering-symptoms were also observed in joints other than the 
injured ones. 



Table HI. 


Case No: 

Time Interval 

18 

3 days 

12 

2 weeks 



2 weeks 


±itJ_ 

+ 


4- (-k) 



Fnnclional Strain 


— Patient confined to bed 


— certified ill 


-}- played football and put foot 
in ice-cold water. 


-k Worked most of the tirne. 


-f Supporting bandage. Rested 2 
months. Worked a couple of 
weeks then symptoms appeared. 


-k Walked about freely a feu 
days, then plaster cast applied. 
Supported himself on wrists, 
which were then affected by 
polyarthritis. 


() 

3 days 


-k worked. 

19 

6 monlhs 

-{ + ) 

-k Worked. 

10 

2 months 

+ 

-k Worked a months, then re- 
mained a month in bed. 

5 

4 months 

: . 

-( + ) 

— At first walked about with non- 
elastic bandage, later 2 plaslei 
casts applied consequ lively. 
Received hospital treatment. 

17 

1 month 

+ ( + ) 

-k Attended household duties. 

11 

5 months 

■k ( + ) 

-k Worked 14 days, then plas- 
ter cast applied 6 weeks, fol- 
lowed by elastic bandage. Aftei 
this worked. 

7 

0 weeks 

-1- 

— Worked 1 week, then received 
hospital treatment 1 month, 
subsequently certified ill. 

13 

2 monlhs 

-k (-k) 

-k Worked 3weeksinspite»fractur( 
of tendons#; plaster cast applied 
3 weeks, then received treat- 
ment to make joints flexible. 



2 months 


5 — 6 weeks 


4 months 


2 y, months 



2 months 


+ 


Total -k 15 


-k Worked. 


— Plaster splint. 


-k Plaster cast about a month, 
then worked. 


-k Worked 2 moiiUis, then re- 
ceived hospital treatment. 


-k Worked 


-k 14 
— 5 
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In the case of the patient wlio played football in spite of the 
injury to his foot, polyarthritis manifested itself in an acute form 
and spread rapidly to other joints. In addition to this, the patient 
had put his foot in ice-cold water to ease the pain. In another case 
symptoms began to -be observed in other joints, while the injured 
joint was receiving treatment to make it more flexible. The injur- 
ed joint had also been immobilised for a time. 

The VTists of one of the patients had been secondarily affected, 
after he was up and walking by the aid of a plaster cast and crutches 
— he had overstrained his wrists in this manner. 

It is a general clinical experience that various forms of infec- 
tion can either promote or even cause an attack of chronic poly- 
arthritis. Furthermore, it can be stated vdthout hesitation that 
bacteria foci, which perhaps are in themselves insignificant, can 
help to maintain and even aggravate chronic polyarthritis, and that 
their removal can bring about a turn for the better. To what extent 
this applies to our data will be examined presently. 

If we. return to the anemnestic data, we shall see that one of 
the patients (Case No. 13) suffered from diabetes, and Wasser- 
mann’s reaction gave a positive result. Both these facts had been 
established three years prior to the trauma. He had also formerly 
suffered from acute otitis and gonorrheal urethritis. The latter 
complaint had been treated, and was stated to have been cured six 
years ago. Three other patients had suffered from urethritis 
gonorrhoica, but in all three cases the infection had been contracted 
many years previously — in fact, fifteen years or more. Cases No. 8 
and No. 11, had both had abscessus peri tonsillaris three years 
previously; and No. 8 had subsequently suffered from lymphade- 
nitis, which had been extirpated a year before the trauma occurred. 
Case No. 11 while waiting to be admitted to the sanatorium suffered 
from a reactive psychosis, which however, disappeared very quickly. 
In case No. 15), the patient had three years previously suffered 
from albuminuria, for a short time, which occurred in connection 
vdth angina. Case No. 15 had had iritis twice ^ — the second attack 
took place a year before the trauma occurred. Case No. 17 had 
been troubled by cystitis. Finally, case No. 18 had suffered from 
peritonitis consequent on an attack of appendicitis eleven years 
previously. She had also had sinovitis six 3'^ears ago. The patient 
had also had two serious abortions in the second and third months. 
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respectively five and four years previously. In Table III, (+) has 
been placed against this patient in the bacteria foci column. None 
of the patients had had in connection with the outbreak of the 
traumatic polyarthritis, any acute infection such as angina, pharyn- 
gitis-bronchitis, intestinal infections or infections of the urinary 
ducts. 

The patients are always carefully examined in this respect, 
and no doubtful case has been included. On the other hand, it 
appears from a survey of Table III, that no less than fifteen patients 
on their first admission to tlie hospital or sanatorium had had bac- 
teria foci somewhere in their system. 

For instance, all the eight patients who had a relatively short 
time interval — from a few days up to six weeks — had had bac- 
teria foci, such as bad teeth, root-stumps, inflammation and destruc- 
tion, alveolar pyorrhea, chronic tonsilitis, adenitis or diseases of 
the gall ducts. Of the eleven remaining cases, where the time 
interval was longer, four were quite free from anj' bacteria foci, and 
in seven, these were located in the teeth or tonsils. The four patients 
who were free from any knoAwi bacteria foci, were three men and 
one woman. The oldest was forty-eight, and the youngest fifteen. 
None of them had been treated in hospital for tlie injured joint 
before the polyarthritis manifested itself. One patient however, 
had been under observation in hospital for some days. There is no 
reason at all to suppose that those patients who were without any 
bacteria foci, contracted their rheumatic infection during their 
stay in hospital. 

If we glance at the cases where bacteria foci were observed, 
to ascertain the proportion of such cases in terms of the primarily 
injured joints we shall find that all six of the cases vith injured 
ankles had bacteria foci. Of the seven cases with knee injuries, there 
were five where bacteria foci were observed; and of the five cases 
with wrist injuries there were three. 

The number of the patients who had had bacteria foci and who 
had suffered functional strain was about the same: fifteen and 
fourteen respectively out of nineteen. Eleven patients had had 
both; whereas only a single patient had been free from bacteria foci 
and functional strain. 
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A Suggested Method of Interpretation. 

Since so many cases of chronic polyarthritis were found to have 
a connection with trauma, the necessity for an explanation became 
the more urgent. As the conception of the etiology of chronic 
polyarthritis changed, so the explanation of the part played by 
trauma also changed. It is only natural that when an attempt is 
made to interpret the role played by trauma that this will in turn 
depend upon our conception of the etiology of chronic polyarthritis. 
Even during the heyday of bacteriology, when specific bacteria 
were being searched for, in order to account for nearly every 
kind of disease including chronic polyarthritis, the opinion was 
expressed that trauma created a local disposition. It was held that 
the agents of infection that were the cause of polyarthritis could not 
develop in the blood-vessels, but were to be found in the edemata 
and hemotomata which appear after trauma. As no actual agent of 
infection was known that caused chronic polyarthritis, comparisons 
were made with gonohorreal polyarthritis and other diseases. Here 
the bacteria that caused the disease were known, and they could be 
demonstrated in the exudation. It could be shown that gonococci 
assemble in a joint that has either been injured by some blunt 
force such as a blow etc. (Jeaneret, Bergalone), or has been exposed 
to some operative measure (Mouchet et Bruvas). 

The role played by trauma in creating a locus minores resist- 
entia was generally accepted. The change that has occurred in 
the conception of rheumatic diseases due to the investigations of 
Klinge, Rdssle and Talajeff has also contributed in creating a new 
idea of the part played by trauma in the genesis of rheumatic 
diseases. Even if chronic polyarthritis is an infectious disease, it 
is the organism’s allergic reactions that give the disease its characte- 
ristic features. The organism must be sensitized, and when under 
the influence of a stimulus it must react hyperergically. 

Klinge believes that he has shown by pathologico-anatomical 
means that the diffusion of alterations of a rheumatic-inflammatory 
nature in an organ, depends on the functional-mechanical strain. 
This strain, which is able to influence the localisation of the rheu- 
matic inflammation can be looked upon as a physiological trauma. 
An exterior strain could have the same effect. A trauma should be 
considered as the equivalent of an intensified mechanical strain. 
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Both can plaj’’ a pari in allergic functions, localise the process in a 
definite part of the body and cause the rheumatic infection to mani- 
fest itself. It has proved possible experimentally to sensitize an 
animal by means of albumen, and then to produce arthritis by sub- 
jecting the sensitized joint to a blow. 

The conception of a locus minorcs resistentia, as well as the 
significance of trauma as the localisation and manifestation of an 
allergic reaction, assumes a predisposed organism, by means of 
which trauma may produce chronic polyarthritis. One conception, 
sees the decisive factor in the existence of infection; wliereas the 
other, is mainly concerned with an allergically reactive organism, 
which however, does not necessarily exclude the existence of an in- 
fection. 

Klinge considers that chronic polyarthritis is an infccl.ious 
disease, von Koch also bases his attempt to find an explanation on 
the allergic theory; but instead of the antigen having an infectious 
origin, he looks for an antigen of a different character. He points 
out that. traumatic tissue is able to produce out of the organism's 
actual substances — by means of degeneration and nutolysis — 
foreign matter that possesses the quality of an antigen. This mat- 
ter can, if resorbed in bulk, sensitize the organism and produce 
allergic reactions. 

In connection vith von Koch’s lecture a discu.ssion was arranged, 
during which Kahlmeter stated that in accordance vith the general 
view held by a large number of rheumatologists, we must assume 
that a latent, hyperergic condition exists prior to the occurrence of 
the trauma. This condition could be produced just as readily 
by an antigen of an infectious nature as by one of another 
variety. Westergren however, stressed the infectious nature of 
the allergen. 

In my ovm data, fifteen of the nineteen patients had some 
form of bacteria foci on admission to hospital. These bacteria foci 
Were in a clinically latent condition; but they had been observed 
when recording the status praesens of some of the patients on their 
admission to a hospital or sanatorium. 

If we turn to the anamnestic data to look for any facts that 
might indicate the possible existence of bacteria foci, we shall find 
two cases where this is so, although the status praesens does not 
give any hint of this. One of the patients often suffered from nasal 
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obstruction and polyps, although on admission there was no evi- 
dence of this in the status praesens. 

One of the w^omen patients had suffered from angina three vears 
before the occurrence of the trauma. As a consequence of the an- 
gina she had had albuminuria. Except for the angina, she was not 
susceptible to throat infections. The peritonsilar angina may have 
prepared the w^ay for a chronic infection. • But this however, cannot 
amount to more than a surmise. If we reckon with the possible 
existence of bacteria foci in these two patients, there only remain 
tw'o patients wdiere no infection was known, and \vhere no indica- 
tion of such a possibility existed. 

If W'e accept Klinge’s allergic theory, -we are compelled, in the 
case of these tw’^o patients, cither to assume that the antigen is not 
of an infectious nature, or that in spite of our lack of knowledge, 
a chronic infection is nevertlicless present in their case. Personally, 
I should consider the latter alternative the more probable. Func- 
tional strain plays a great part according to Kdinge’s investigations 
in localisation of rheumatic inflammation. Therefore, not only 
ought the trauma of the joint and its environment prove of the 
greatest significance, but also the treatment of the joint after the 
trauma. 

Table III, show's that fourteen of the patients had strained their 
injured joint after the trauma. According to the same Table, 
tw'elve patients had actual or suspected bacteria foci in their orga- 
nisms. The two patients mentioned above, where neither the anem- 
nestic data nor the status praesens show'ed any evidence in support 
of bacteria foci, had continued to w'ork in spite of obstinate and 
progressive local symptoms. Here then is a clear case of functional 
strain. Four of the five patients wdio had not undergone functional 
strain, (since either plaster casts or splints had been applied, or the 
patient had been confined to his bed) had according to the status 
praesens bacteria foci. The ancmnestic data indicated that even in 
the case of the fifth patient the existence of bacteria foci might he 
suspected. 

Of the nineteen patients, twelve had been subject both to func- 
tional strain and to bacteria foci. In not a single case can both in- 
fection and strain be excluded. 

It is remarkable however, how seldom trauma is connected 
wuth the appearance of chronic polyarthritis. In the data under 
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review from 1933—1940, onty about 2 % of llie eases of ehronie 
artliritis eould be atlributcd to trauma. 

Traumatie injuries arc in our Lime a common oeeurrenee, and 
chronic bacteria foci are found very often, especially among poorer 
people. 

Naturally, many do apply for professional treatment in the case 
of more serious traumata. The law regulating accidents incurred 
while at work tends in this direction. Consequently, many look 
after their traumatic joints; but there arc nevertheless still a large 
number who endeavour to cure themselves, and do not rest the 
injured joint. Hence, we can assert that there are many persons 
who go about with chronic bacteria foci and meet with an accident 
causing trauma and then strain the injured joint without contract- 
ing polyarthritis. 

Among the few where trauma is followed by chronic polyarthri- 
tis, many of these have suffered from a trauma before — in some 
cases this has happened several times — without any evil conse- 
quences ensuing. Consequently tlicre must exist, among a small 
number of people, a factor of decisive importance for the deve- 
lopment of chronic polyarthritis. It would appear tiiat in some per- 
sons this factor varies in its capacity to become operative. 

This factor may be taken to be the same as that common factor, 
which according to Klinge, makes the rheumatic diseases a single 
group. Primarily, tliis is the capacity of the mesenchymal tissue to 
react liypcrergically and to develop specific inflammation foci. 
In the majority of our cases the existence of chronic bacteria foci 
has been proved. In a few of these cases the effect of the trauma 
has not been supported by functional strain. Pbr these, as well as 
for such cases where strain alone was observed in connection with 
a trauma and there Avas no infection, a more intense hyperergic 
condition of the organism at the time the trauma occurred must 
be assumed. 

We may suppose that only a weak hyperergic condition existed 
in such cases, wdiere the earlier occurrence of a trauma was 
unable to cause polyarthritis, though a later trauma succeeded in 
doing so. 

1 0 sum up, I should like to say that a trauma affects a person 
who is in a condit’on osusceptible to rheumatic reaction» (Kahl- 
nieter). The extent of this rheumatic condition differs from one pe- 
31 — Ada med. scandinav. Voh CXIV. 
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son to another, and is even variable in the same person at different 
times. TJie trauma must occur when the person is in an optimum 
condition for the manifestation of the rheumatic infection. 


Summary. 

The data comprise 19 cases of poly-arthritis • — 16 men and 
3 women — where an actual trauma to some large joint leads to a 
chronic disease of the joints. The proportion between the sexes 
is worthy of notice. These cases fulfilled the initial conditions that 
poly-arthritis should commence in the traumatized joint and that 
there must not be any interval free from symptoms. It is held that a 
causal connection between trauma and chronic polyarihritis has 
been established. 

Primarily, knee, ankle, mist and elbow joints^ were injured. 
These joints that were primarily injured continued to exhibit 
symptoms of arthritis, when the latter were already manifested 
in the other joints. 

The time interval between the occurrence of the trauma and., 
the secondary affection of some joint varied from 3 days to 6 months. 
The cases are equally distributed, as regards tlie length of the time 
interval, between these tw'o points. 

It is not possible, from the length of the time interval, to draw 
any strict line of demarcation between the cases caused by trauma 
and those that are not. 

In 14 cases, the patients have at various times functionally 
strained the joint that was primarily affected. At the time that the 
trauma took place or poly-arthritis made its appearance, no acute 
infection was present. On the other hand, in 15 cases, chronic bac- 
teria foci were knoAvn to exist. 

Only one patient w'as actually free from both functional strain 
and bacteria foci. 

In attempting to interpret the data, the author w^ould point 
to the fact that bacteria foci and the mechanical strain of the 
injured joint are usually present. These two factors in conjunc- 
tion wdth trauma are a common occurrence; whereas, chronic poly- 
arthritis due to trauma is a great exception. Consequently, these 
factors alone, cannot be deemed sufficient to explain the connec- 
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Lion. The author assumes that the decisive part is played by the 
capacity of the mesenchymal tissue to react liyperergically. 
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Studies of the oxygen unsaturation in the venous 
blood of a group of patients with rheumatic 
disease in room temperature of 20° C. and 32° C. 

By 
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(Submillcd for puWicalion May 10, 1943). 


Introduction. 

The law of the conservation of energy has recently passed its 
first centenaiy. Strangely enough, however, the expounder of this 
law, perhaps the most profound and universal physical law in our 
cosmic picture, is comparatively unknown. His name was Robert 
Mayer'. Still less known, probably, is the fact that he was not a 
physicist but a physician, and that one of the observations which 
led up to his brilliant idea was a medical one. 

Mdien, as a ship’s doctor of 26 years of age, he phlebotomized his 
sailors in the roads off Surabaja, he observed that the blood he 
drew was a brighter red than he was accustomed to from colder 
regions. Onjiurely theoretical grounds he inferred that this must be 
due to the venous blood being more saturated with oxygen in these 
tropical regions, but he never succeeded in proving this, and it has 
for long been doubted. 

According to Liljestrand the oxygen content of the arterial 
blood can be put at 17 — ^20 volumes per cent, and its percentage 
0 X 3 >'gen saturation at 94 — 97. Arduous work and certain patho- 
logical states may cause slight variations in these figures, but on 
the whole they are relatively constant, unless anemia and reduced 
hemoglobin are present. Tire oxygen content of the venous blood. 
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on the other hand, varies very much in different organs of the body 
and under different conditions, work or rest being tlie factors that 
influence it most. Especially blood from the easily accessible super- 
ficial cutaneous veins shows great variations, which in all proba- 
bility is associated with the fact that the blood flow in the skin not 
only subserves the local requirements of metabolism but also stands 
in the service of the regulation of heat. As early as 1925 Goldschmidt 
and Light showed that blood drawn from a surface vein on the back 
of a hand that had been kept in water at 45° — 17° C. for ten minutes 
closely approximates arterial blood in respect of both oxygen con- 
tent and carbon dioxide content. 

With this fact in mind it is a read}' assumption that under hot 
conditions, such as in the tropics, the oxygen content of the venous 
blood will be high and approach that of the arterial blood, as Mayer 
assumed so far back as 100 years ago. On account of unfavourable 
circumstances, however, this has hitherto not admitted of being 
demonstrated. Experiments have been made in hot-air chambers, 
hut the ensuing perspiration and suchlike have vitiated the results, 
while experiments conducted in the tropics have evidently been 
Jacking in sufficiently liigh-dass laboratory facilities. Borchardt 
and Sundstroem also report failure in that respect. 

Thanks lo the technical skill and financial generosity of the 
Svenska Flaktfabriken one of the sick-wards in the Rheumatic 
Clinic of Lund was reconstructed in September, 1941, into a 
climatological laboratory. The arrangements enabled the climatic 
factors to be conditioned to a certain extent on troincal lines, that 
is to say, to be stabilized and adjusted to the desired temperature 
and air humidity. After the climatic conditions of this room had 
been stabilized and regulated to a so-called artificially dry tropical 
climate of 32° C. and about 35 per cent, relative humidity, with a 
range of variation amounting to 1° for temperature and about 10 
per cent, for humidity, one of the first observations made was that 
the patients treated in it exhibited, on venipuncture, the bright- 
red venous blood observed by Mayer and others in the tropics. It 
could soon be ascertained that this colour was not primarily due to 
anemia. There remained Mayer’s theory to test. 

To this end we employed van Slyke and Neill’s manomctric 
method for determining the oxygen content of the blood. By this 
method the oxygen tension in the blood can be determined with an 
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error percentage of about 0.2 vol. per cent, per 1 cm^ of blood. 
The blood was regularly drawn from the V. mediana cubiti early 
in the morning immediately after the patients had awakened 
and while they were still at complete rest. Venous stasis was 
avoided, and the blood was drawn in the customary manner under 
paraffin. 

In order to have material for comparison other rheumatic pat- 
ients than those treated in the climatological laboratory were also 
studied, as also w'ere a couple of patients before, during, and after 
a stay in the artificial tropical climate. 

Ohseri'ations on Patients. 

The patients T. B. and S. S. were two boys, aged respectively 14 and 
16 years, with rheumatic fever in the active stage, while the rest of the 
patients were Women, from 18 to 55 years of age. With rheumatoid arthritis 
in an active infectious stage. There Was a considerable secondary anemia 
in a number of cases, a fact that is also evident from thetablcs. For instance. 
Case S. S., in which the haemoglobin value according to Zeiss was at 
first about GO per cent, and afterwards slowly rose to SO per cent.; at the 
time ho wes transferred to the so-called tropical ward this patient also 
presented an extremely malignant picture with Erythema annulare, sym- 
ptoms of peritonitis, encephalitis and nephritis, transitory lung infiltra- 
tion, etc. The patient I. K. also showed a secondary anemia of 68 — 70 
per cent, according to Zeiss, and the majority of the other patients like- 
\\dse had mild degrees of secondary anemia. 

No circulatory disturbance of a central nature wts present in any of 
these patients, nor any defect of the mitral valve, but in both the rheuma- 
tic fever cases the E. C. G. showed signs of a slightly affected myocardium, 
though not of any rhythmic disturbance. On the other hand, all the pati- 
ents had a sensation of cold hands and feet, and especially the fingers of 
most of those with rheumatic artlirilis Were a pale, livid hue. 

In an earlier Work (Acta Med. Scand. 83.523) it ha.s been shown that 
patients suffering from rheumatoid arthritis have to a great extent cold 
hands and feet, with a low skin temperature, which is doubtless associated 
with a constricted peripheral circulation in these patients, an assumption 
that is supported by several of the clinical symptoms presented by these 
cases (Acta Med. Scand. 103.90). 

If the mean of the difference (oxygen unsaturation) for the rheumatic 
patients kept in common room temperature, viz. S.22 vol. % ± l.Hi with 
a maximum of 10.94 vol. % and a minimum of 5.98 vol. %, measured by 
20 determinations on 12 pat ient s, is compared with the values obtained from 
a normal material, such as Lundsgaard’s in Which the corresponding figures 
for 38 determinations on 12 individuals were respectively 3.8, 8.95 and 
2.70 Ami. %, il Avill be found that the values obtained here are relatively 
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The first results obtained are indicated in the following tables. 


Table 1. 

Oxygen content of Mood drawn from T. mediana cubiti of resting patients with 
rheumatic infection and kept in common room temperature 1 20°) 

All samples dra-wn according to van Slyke’s method funder paraffin) at 8 
a. in. and in the form of duplicate samples, the mean of which has been taken. 

'\^^lcre the difference between the two samples is more than 1 volume unit, 
a note to this effect is made in the column i>Remarksi>. 


Dale 

Patient 

Vol. % oxygen by van 
Slyke's method 

Diffe- 

rence 

Remarks 

in blood 
under 
paraffin 

in blood 
after 

saturation 

18.1 

HH. $49yrs 

9.63 

17.30 

7.67 


5.2 

H.H.$49 » 

10.94 

20.18 

9 24 

2 units diff. in pa- 






raff in hi. 

9.12 

n. J. $44 • 

9.26 

16.28 

7.02 


11.12 

H.P.$ 42 » 

7.79 

17.13 

9.34 


14.12 

H. P. $ 42 . 

6.07 

17.01 

-.0.94 


11.1 

I. B. $ 18 » 

‘ 10.65 

18.19 

7.54 


12.1 

I. B. 9 18 . 

10.95 

18.19 

7.24 


25.1 

ri:.P.L.922 . 

11.18 

17.63 

6.45 

* 

29.1 

S, M. 9 34 . 

7.30 

15.57 

8.27 


1.2 

K.B. 9 55 » 

12.38 

18.36 

5.98 


3.2 

E.B.P.919* 

9 68 

16.88 

7.20 

* 

8.2 

E.L. 9 43 » 

9.74 

16.38 

6.64 







as well as in the 






saturated 

17.2 

H.r. 9 42 . 

9.74 

17.13 

7.,39 


22.2 

H.B. 9 42 . 

9.11 

17.25 

8.14 


19.2 

I. B. 9 18 » 

7.17 

17.46 

10.29 


15.2 

T. B. (J 14 1) 

8.78 

17.78 

9.00 

2 units diff. in pa- 






raffin bl. 

12.2 

S. S. c? 16 » 

3.63 

11.77 

8.14 


24.2 

I. B. 9 18 * 

6 02 

16.16 

10.14 

2 units diff. in pa- 






raffin bl. 

29.3 

1. B. 9 18 * 

7.24 

16.89 

9.65 


7.4 

I. K. 9 31 » 

5.78 

13.96 

8. IS 


Mean with stand, dev. 

8.C5 ± 1.82 IMSS S.2'3 ± 1.11 

Oxygen saturation 

57.3 VO). % 





± 10.73vol. % 


n 
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Table 2. 


Oxygen content of blood drawn from V.mcdiana cubiti of resting patients with rheu- 
matic infection and treated in so-called Dlropical wardo (32° C.): 

All samples drawn according to van Slyke’s method at 8 a. m. and jn the 
form of duplicate samples, the mean of which has been taken. 

Where the difference on apparatus readings between the two samples is more 
than 1 volume unit, a note to this effect is made in the column »Remarks». 
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Fig. 1. 


If, fig. 1, such a patient, e. g. Case H. B.,is transfeiTed from a ward 
having a common room temperature of 20° C. to the climatological labora- 
tory With a temperature of 32° C., it is seen that immediately after the 
transference the oxygen saturation is raised from a previous figure of 
36 per cent. — a very low value for a patient at rest, but this patient 
also had markedly livid, cold hands and feet — to 74 per cent., 
the next day to 76 per cent., and a few days later to 86 and 88 per 
cent., in order subsequently to oscillate around 80 per cent, during 
the entire stay in the »tropical ward* and to descend again, immediately 
after return to common room temperature, to 57 and 53 per cent. An inter- 
esting point was that these last oxygen saturation figures were better than 
those recorded before the transference and accordingly constituted a paral- 
lel find to the observation that after removal from the Dtropical wardi> the 
patient had improved clinically and no longer had so markedly cold, livid 
hands and feet. The diagram submitted below records the oxygen satura- 
tion of this patient as well as the saturated oxygen content of her venous 
blood. 

If the mean of the differences for the patients kept in a room tempera- 
ture of 32° C. — 24 determinations on G patients — , viz. 2.92 vol. %± 0.62, 
with the highest value of 4.38 vol. % and the lowest of 1.85 vol. %, is 
then compared with the oxygen unsaturation in normal cases, it will be 
found that it lies immediately below the point usually set as the. lowest 
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limit for such normal cases, 3 vol. .%. Lundsgaard’s lowest value was 
2.70 vol. %. , 

The difference between these two mean values for rheumatic patients 
kept in a common room temperature of 20° C. and in 32° C. respectively is 
so large that it is statistically certain if errors of method can be left out of 
account. As already pointed out, however, tTrere is an error percentage 
attaching to the method used here of about 0.2 vol. %, and therefore 
absolute certainty cannot be said to exist. However, the difference is so 
large that it may be statistically regarded as highly probable ~ the lowest 
value for oxygen unsaturation under 20° C. is here 5.98 vol. % and the 
highest under 32° C is 4.38 vol. %. 


Discussion. 


It is evident from the investigation that under a common room 
temperature of 20° C. these rheumatic patients possess a relatively 
low oxygen saturation in the venous blood, measured in the V. 
cubiti in the morning on fasting patients at rest, viz. on an average 
51.3 per cent. By way of comparison it may be mentioned that 
in normal individuals Lundsgaard found an oxygen saturation of 68 
per cent, under the same conditions and that several other authors 
have found values that have also lain around 70 per cent (see Lilje- 
strand). This relatively low oxygen saturation in the venous blood 
of superficial cutaneous veins under resting conditions can no doubt 
be put in association with the constricted peripheral circulation that 
also according to other clinical finds may be considered to be present 
in these rheumatic patients. Whether the trouble in that case lies 
in a constriction of the arteriovenous anastomoses, or in a capillary 
spasm, in difficult to decide. Probably both are contributive factors. 
The fact that a capillary spasm is concerned is directly discernible 
by studying, for instance, the number of capillaries in the nail-bed 
of these patients (see Edstrom), but this does not rule out the fact 


that here, as in normal individuals, the arteriovenous anastomoses 
may play a large part in the regulation of the blood flow through 
the skin and the subcutaneous tissues, primarily in the service of 
the heat regulation of the body (Havlicek, Vanggaard). 

When patients of the same rheumatic type are kept in a room 
temperature of; 32° C., however, the oxygen saturation in these 
cutaneous veins becomes higher. A mean value of 81.5 per cent, 
could be found here. Goldschmidt and Light had observed that by 
keeping the forearm in .hot water at a temperature of about 45 C. a 
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relative oxygen saturation could be established in the venous blood, 
measured, in the same way in the V. cubiti, of up to 92 per cent., 
i, e. a value bordering on that of the arterial blood. By keeping the 
forearm in water at a temperature between 29° and 39° C. these 
authors were not able to obtain a higher oxygen saturation in these 
veins than 69 per cent., and by keeping it in air at 26° — 32° C. 75 
per cent. Here, too, it is a question of a stay in 32° C. warm air, but 
the difference lies in the length of the stay and the constancy of 
the temperature. The effect seems to bo considerably stronger 
here, since, in spite of the relatively low initial oxygen saturation, a 
relatively higher oxygen saturation is on an average obtained under 
the increased external temperature. 

In these instances the tropical conditions arc imitated as closely 
as possible, at any rate as regards a certain type of dry tropical 
climate. It ought therefore to be justifiable to speak of an artific- 
ial tropical climate and to consider the results as representative of 
the effects of the tropical climate. This applies especially to the 
conditions studied here. 

Here, too, the observation has been made that, as in the tropics, 
the venous blood in, c. g., the V. mediana cubiti becomes bright- 
red under a temperature of 32° C. in the environs of the body, and 
it has been made clear that this colour is due to this blood being 
saturated with oxygen to a relatively high degree and approximat- 
ing a degree of oxygen saturation that is typical of the arterial 
blood. It would therefore seem justifiable to assert that this investi- 
gation confirms Mayer’s assumption that the blood he drew from the 
y. cubiti on phlebotomizing his sailors in the tropics was bright-red 
on account of an oxygen content that approached that of the arterial 
blood. 


Summary. 

1. A report is made of a scries of determinations by van Slykc 
and Neill’s method of the oxygen in the blood drawn from the V. 
mediana cubiti in resting patients with rheumatic disease in com- 
mon room temperature of 20° C. and in a temperature of 32° C. 

2. In common room temperature of 20° C. the oxygen unsaturation 
of the venous blood was, on an average of 12 patients in 20 deter- 
minations, 8.22 vol. per cent. ± 1.11 with a maximum of 10.94 
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and a minimum, of 5.98, or 5J.3 per cent, mean oxygen saturation. 

3. In a temperature of 32° C. the oxygen unsatufation of the 
venous blood of 6 patients in 24 determinations was on an average 
2.92 vol. per cent. ± 0.62 with a maximum of 4.38 and a minimum 
of 1.85, or 81.5 per cent, mean oxygen saturation. 

4. Thus, the bright-red colour of the venous blood in the tropics is 
caused by the high oxygen content of this blood, as Mayer inferred a 
century ago. 
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(Aus der medizinischen Ablcilung des Mariakrankenhauses, Ghcfarzi Pi of. 
Prof. Dr. med. F. Sallznvin und aus dem pathologischen Laboratorium des 
Inslituls fiir Slrablenbehandlung, Ghefarzt: Dr. med. Ivar Wallgren in 

Helsingfors.) 


Beobachtungen iiber den feineren Ban und die 
Entwicklung der Retikulozyten. 

Von 

IVAR WALLGREN. 

(Bii der Rcdaklion ain 8. Mai 1943 eingcgangcn). 


Zu den Mcthoden, die von der klinischcn Hilmalologie in Gc- 
braucli gcnominen wordcn sind, gehori nunmelir auch die Farbung 
der Retikulozyten. Auf cinem Objektlrager, den man vorlier mil 
einer 1 %igen AlkohoIIdsung von BriJlantkresylblau prapariert bat, 
kisst man cinen Tropfen frisclien Blutes sicli unter dem Deckglas 
ausbreiten. Die Farbe wird von dem Plasma oder dem Serum des 
Blutes aufgelost und den Blutkorpercben in ziemlich konzentrier- 
tcr Form zugefiihrt, Ein Teil der Erythrozyten nimmt dabei blaue 
Farbe auf. Es wd heute allgemcin angenommen, dass gerade die 
jugendlicbsten, niclit ausgereiften roten Blutkorpercben auf diese 
Weise vitalgefarbt werden. 

Heilmcyer teilt die Relikulozylen in folgende Gruppen: 

oGruppe 0: Kernliallige Reticulozylen (Normoblaslen, Megaloblaslen). 
Die vitalfiirbbare Subslanz liegt als diclvlcs Net'/AVerk in der Uingebung des 
Kerns, Dieso Zellen gelioren dem Knoclienmark an und komnicn bei Ge- 
sunden im slromcnden Bliit nicbl vor. 

Gruppe 1: Knauelform. Die vitolfarbbare Siibstanz liegt als dichtes 
Netzwerk mil eingelagorten Granula in der Mitlo der Erylbrozylen. Sie 
stellen die jugendlicbsten kernloscn Rcticulozyton dar. 

Gruppe 2: Netzformen. Die reticulare Substanz bat sicb aufgelockert 
und breilet sicb netzartig uber die Erythrozytensebeibe aus. 
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Grup-pe 3: Unvollslandige Netzformen. Die vitalfarbbare Substanz 
beginnt sicb cufzuloscn. Von dem tirsprunglicbcn Neiz sind nunmehr 
einzelne Brucbsiucke vorhanden. 

Gruppe 4: Ausreifungsformen. Die vitalfarbbare Substanz.ist fast voll- 
standig aufgelost, nur mehr vereinzelte Granule oder kleinste Netzstiick- 
cben sind vorlianden. Diese Gruppe stellt das Ende des Ausreifungsprozes- 
ses dar. Durch Verscbwinden der Granula gehen die Zellen unmittelbar 
in die ausgereiften Erytbrozyten uber,» 

Wenn die Retikulozyten also auch in den Einzelheiten beschrie- 
ben und allgemein zum Gegenstand taglicher praktischer Unter- 
suchungen gemacht worden sind, sind die Ansicbten dariiber, 
warum sich die jugendlichsten roten Blutkdrperchen auf diese 
Weise farben, dock geteilt. Wird die Farbe in eine praformierte 
Substantia granuJofilamentosa aufgenommen o'der handelt es 
sich vielleicht nur um eine Farbung adsorbierter Partikelchen oder 
um eine Ausfallung des Farbstoffes? Oder bilden sich ir.oglicherwe'se 
die farbljaren Teile der Erytbrozyten durch die Einwarkung des gif- 
tigen Farbstoffes? Alle diese Fragen sind noch nicht genau beant- k 
wortet. 

In der Hoffnung, einige Beitrage zur Losung des Problems lie- 
fern zu konnen, babe ich die Retikulozyten einer naheren Priifung 
unterworfen und gestatte mir, bier iiber die ausgefiihrten Versucbe 
zu bericbten. Diese griinden sich auf eine vom Verfasser dieser Zei- 
len vor kurzem verdffentlichte Untersuchung fiber den feineren 
Bau und die Funktion der menschlichen Zelle. 

In den ^yeissen Blutkorperchen konnten dabei zy^ei verscbiedene 
Systeme im Plasma der Zellen nachge%viesen werden. Das eine war 
aktiv beweglich und bestand aus einer grauen Grundsubstanz, die 
zahlreiche weisse Tropfen enthielt. Das andere System war vital- 
farbbar und nabm Brillantkresylblau sehr begierig auf. Es bestand 
aus Tropfen von etwas wechselnder Grosse, die in der.Zelle von dem 
aktiv beweglicben System passiv bin und her transportiert voirden. 
Die Tropfen teilten sich oft in neue Tropfen, die von der aktiv 
beweglicben Substanz nach verschiedenen Seiten bin gefuhrt war- 
den, wobei nicht seiten ein feiner Faden zndschen ihnen entstand. 
Die weissen Tropfen in dem aktiv bew'eglicben System nabmen 
keine Farbe auf, erschienen aber wie leuchtende Granula in Dun- 
kelfeldbeleuchtung. Die beiden erwahnten Systeme konnten in 
alien lebenden weissen Blutkorperchen nachgevdesen werden. In 
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fixierten Normo- und Megaloblasten, in Kno.chenmarkszellen und 
in Gewebszellen verschicdener Art waren in Dunkeifeldbcicucbtung 
almlichc Strulduren 2:11 beobachten, was darauf dcutet, dass das 
aktiv und das passiv beweglichc System in alien Zellen dcs Men- 
schcn wiederzufinden sind. Da die jugendlichen Eryllirozyten Bril- 
lantkresylblau aufnalimen, lag cs milbin nahc, anzunchmen, dass 
in diesen Zellen noch Reste des passiv bcweglicben Systems vorhan- 
den seien. 

Um die Richtigkcit einer solchcn Annahme nachzupriifcn, war- 
den folgende Versuclie ausgefuhrt. 

Versiich 1. 

Ein fiir klinischcn Gebrauch mit Brillantkresylblau (Merck) 
gefarbtes Blutpriiparat auseinem Icberbehandelten Fall von Wurm- 
anamic mif 30 % Retikulozytcn vnrd, nachdcm das Deckglas mit 
geschmolzenem Vasclin umgebcn wordcn ist, im erwarmten Mikro- 
skop durchgemustcrt. In dem Praparat finden sich zahlrciche Reti- 
kulozyten, die zu Heilmeyer’s Gruppe 1 gehoren. Die Zellen sind 
tricliterformig, mit gefaltetem Rand. Sic erinncrn in ihrer Form an 
Stiefmuttcrcben, dcrcn Bliitenkelch mit blaucn Kornchen bestreut 
ist. Zwisclicn den Kornchen befinden sich stcllenwcise fcine blaue 
Fadcn. Bei Dunkclfcldbeleuchtung sieht man cine von leuchtenden 
Kornchen gebildctc Granularsubstanz, die einen bedeutend grdsse- 
ren Umfang als die gcfarbte Substantia granulofilamentose hat. Sie 
nimmt den grdsstcn Tcil der Zelle ein. Nur die periphcren Teile der 
■ Blutkorperchen sind optisch leer. Die ungefarbten Tropfen bjlden 
ein Nctzwerk, in dessen Maschen die gefarbten Tropfen sitzen. Die 
Ahnlichkeit mit dem aktiv und dem passiv beweglichen System in 
den Leukozyten ist frappant. Die aiteren Retikulozytcn crinnern 
ihrer Form nach an die rcifen Erjdhrozytcn. Man sieht in ihnen 
ahnlich gefarbte und ungcfarbte Granularmasse wie in den eben 
beschriebenen Zellen, aber die Granula treten in Gruppen auf, die 
in der sonst strukturlosen Zelle nichtmiteinanderzusammenhangen. 
Zwischen den blaucn Tropfen erscheinen einige feinc blaue Faden. 
Die neutrophilen Leukozyten in dem Praparat haben Farbe aufge- 
nommen, sind aber alle bei der Untersuchung, einige Stunden nach 
der Herstellung des Praparates, tot. Das Praparat vmrde in Zim- 
mertemperatur aufbewahrt und wiedcrholt besichtigt. Noch einen 
Mdnat spater waren in den Retikulozytcn gefarbte Granula zu finden. 
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Versiich 2. 

Von deinselben Patienlen wrd 2 Tage spaler ein ungefarbtes 
Nativpraparat genommen imd in Dunkelfeldbeleuclitung bei 37 ° 
durchgcniuslert. Die jugendlichsten Relikulozyten weisen vie] 
weniger niclit fiirbbare Kdmclien auf als im vorhergehenden Ver- 
sucb. Wahrend ein jugendlicher iuLenformiger Relikulozyt beob- 
aclilel wil'd, ricliLet sich plolzlich mit einem Ruck ein Zipfel auf. 
Nacli ciniger Zcit haben die Granula weiler an Zabl abgenommen, 
und als die Beobacbfung nach 1 — 2 Slunden abgeschlossen wrd, 
lassen die Zellcn gar kcinc Kornclien mehr erkennen. Zugleicb 
liaben sich auch die jugendlichen Zellcn ausgeslreckt. In unmitlel- 
barcr Niilie der bcobachlcten Rclikulozylen ersclieinen zahlreiche 
leuchlcnde Granula in lebhaflcr Brown-Bewegung. Die Kornchen 
haben sich also nichl aufgclost, sondern sind von den Re.tikulozylen 
abgeslossen Worden. Die Granulozylen sind in dem Praparat am 
Lcben. 


Vcrsiich 3. 

Bei dcrselbcn Gclcgcnhcil wic im vorhcrgchcndcn Versuch enl- 
nommencs Blul vird mil glcichcn Tcilon Brillanlkresylblau (Holi- 
born) 1: 10,000 gomischl und auf dem WarmcUsch des Mikroskops 
■ nach 2 Slunden unlersucht. Um 13 Ulir hal ein tulenfdrmigcr Reti- 
kulozyl zwei gcfarble Tropfen im Zenlrum. Um 13.55 Uhrsind die 
Farblropfen verschwunden. Um 14.10 Uhr hal sich die Zelle ge- 
slreckl und isl rund. In den peripheren I'cilen der Zelle siehl man 
noch zwei Gruppen von Granula. Der jugendliche Retikulozyt 
ahnell jetzt eincr alleren Form. 

In dcr Beschreibung des Versuches 1 wurde auf die grosse Alm- 
lichkeit z\\dschen den Slruklurcn in den Relikulozyten und dem 
akliv und passiv beweglichen System dcr weissen Blutkdrper- 
chen aufmerksam gemaclil. Es scheint mir daher wahrschcinlich, 
dass die Rclikulozylen vilalfarbbar sind, weil sic Reste des passiv 
beweglichen Systems enlhallen. In Versuch 1 war die Farbe den 
Blulkdrperchen so zugefiihrl worden, dass der Objckltragcr, auf 
dem der Blutstropfen angcbrachl wurde, mit l%iger Brillant- 
kresylblau-Losung prapariert worden war. Die Farbe wnrde also 
den Zellen in konzenlrierler Form dargeboten und wirkte wie ein 
zelllotendes Gift. Die Granulozylen waren in dem Praparat lot. 
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Man durfte daher auch annelimcn, dass die Retikulozyten getotet 
warden waren. Aiis diesem Grundc horte offenbar auch die weitere 
Eniwcklung der jugendliclien roten Blutkdrperchen auf, und noch 
nacli cinem Manat waren in den Retikulazyten des Praparatcs, das 
in Zimmertemperalur aufbewahrt warden war, Granula wiederzu- 
finden. 

In Versuch 2, in dem ein ungefarbles Nalivpraparat zur Ver- 
wendiing kam, waren die Retikulozyten aller Walirscheinlichkeit 
nach noch am Leben, %wc die Granulozy ten in dem Praparat. In der 
\Yarme veranderten sich die Zcllen schncll. Die jugendlichsten 
Retikulozyten nahmen eine Form an, die an die der reifen roten 
Blutkdrperchen erinnerte, und die Granularsubstanz wirde abge- 
stossen, wahrcnd die Zcllen bcobachtet wnirden. 

In Versuch 3 farbten sich die Granulozyten, aber die Farbe 
AMirde den Zellen in stark verdiinnter Form zugcfuhrt. Durch zahl- 
reiche Versuchc mit dcrsclben Farbe (Brillantkrcsylblau Holi- 
born) babe ich mich iiberzeugt, dass auf diese Weise gefarbte Granu- 
lozyten mehrcre Stunden nach der Fiirbung leben kdnnen. Man 
kdnnte daher annehmen, dass die Retikulozyten bei diesem Ver- 
such zur Zeit der Bcobachtung auch am Leben waren. Auch jetzt 
entwckellcn sich die gefarbtcn Retikulozyten in der Warme. 
Hierbci stiesscn sic ihre Granula ab, und die jugendlichsten Formen 
gingen in altere EnRwcklungsformen iiber. Das stimmt vdllig mit 
ahnlichen Erscheinungen bei den neutrophilen Leukozyten iiber- 
ein. Sowohl die vitalfarbbarcn Tropfen als die nichl farbbaren in 
Dunkelfeldlieleuchtung sichtbaren Kdrnchen bleiben, wic aus mei- 
nen noch unverdffentlichten Untcrsuchungen hervo^-geht, noch 
lange nach dem Tode der Zclle erhallcn. Sie losen sich dabei nicht 
auf, kdnnen auch von der Zelle abgcstossen wurden. 

Die Befunde, iiber die bier berichtet worden ist, stehen mit frii- 
heren Beobachtungen fiber die Retikulozyten im Einklang: Nach 
dem Tode verschwinden die Retikulozyten schncll aus dem Blute 
(Hertz, Krafka), aus dem Blute des toten Fetus schon innerhalb 
24 Stunden; in Blut, das in vitro aufbewahrt worden ist, findet man ^ 
nach 1 — 2.Tagcn koine Retilculozyten (Dencke); wird das Blut dage- 
gen im Eisschrank gehalten, so kdnnen Retikulozyten noch nach 
einem Monat nachgewiesen werden (Nittis); Warme beschleunigt 
also die Entwicklung der Retikulozyten, wahrend Kalte sie lahmt. 

In meiner obenerwahnten Untersuchung iiber den feineren Bau 
22 — Acta med. scandinav. Vol. GXIV. 
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G. Domagk and C. Hcglcr: Chcmothcrapie baklerieller Infektionen. 

327 pages. Price in carton reichsmark 14; — . Hirzels Veriag, 

Leipzig, 1942. 

Domagk and Hcgler’s work »Chemotherapie baklerieller Infek- 
tioneni) has appeared in a new and revised edition. Domagk is 
responsible for llie cxpcriincnlal part, Hegler for the clinical. 

In the first seven chapters Domagk gives an excellent descript- 
ion of the development of chemotherapy, from pronlosil to the latest 
achievements in that field: the preparations marphanil, tibatin, 
amonal, etc. 

A large number of comparative tests have been made of the 
effect of different preparations on one and the same bacteria 
strain. As an example of these experiments, the following may be 
adduced; A strain of /9-hcmolyzing streptococci was injected’ into 
mice, and the effect of different preparations on the infection 'were 
studied. Of 14 control animals wliich received injections of the 
above mentioned bacteria, all wmre dead after 48 hours. After the 
same period 12 out of 20 animals treated with sulphanilamide had 
survived, 16 out of 20 treated with sulphapyridin, 10 out of 20 
treated with sulphathiazol, and all the 20 animals treated with 
tibatin (galactoside of diaminodiphenylsulphon). This series of 
experiments, and others, also appear to indicate that the new 
Igefa preparation tibatin is particularly valuable. Above all it 
appears to surpass other chcmotherapeulics in cases of puerperal 
sepsis. 

In the case of anaerobic infections, marphanil appears to have 
a better effect than earlier preparations; It differs from sulphanil- 
amide mainly in that a methyl group appears between the amino 
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preferred. The interval between the doses should not be longer 
than 4 — 8 hours. 

In a couple of chapters the resorption and excretion conditions 
and the toxicology of the sulphanilamide preparations are 
discussed. . 

As is mentioned above, Hegler has worked up the clinical part 
of the work. He stresses anew the excellent effect of prontosil on 
erysipelas. In the case of endocarditis lenta he discusses, inter alia, 
the interesting circumstance that, at times, chemotherapy has a 
greater effect if hyperthermia is present, Lichtman and Bierihan 
(New York) have collocated about 800 cases of endocarditis lenta, 
of which between and 200 and 300 were treated with sulphanil- 
nmide preparations. Two series, in which hyperthermia treatment 
was emploj'-ed simultaneously with chemotherapy, showed the best 
results. In one series hyperthermia up to c. 40° (5 hours heating or 
longer every third day) was induced physically, and 16% of cures 
were obtained. The other series, in which hyperthermia was 
brought about by means of intravenous injections of typhus or 
paratyphus vaccine, showed a still higher percentage of cures. The 
authoy points out that the series is small, but of the greatest 
interest. 

As has been pointed out above, it seems that tibatin has a. 
specially favourable effect in cases of puerperal sepsis. 

Hegler has not carried out any detailed tests with staphylo- 
coccus infections, but seems to share the prevalent opinion that 
sulphathiazol is probably tlie most efficacious preparation. 

The author has mainly employed uliron for gonorrhea and 
stresses the fact that this treatment gives excellent results. Of 
other preparations he calls attention particularly to sulphathiazol 
and sulphapyridin. 

Hegler considers that at the present time sulphapyridin is the 
best preparation against meningococcus meningitis. Good results 
have also been obtained with chemotherapy in cases of influenp- 
bacillus meningitis. 

Hegler emphasizes the great advances which have been made 
with regard to the treatment of pneumohia, thanks to the disco- 
very by Yliitby, Evans and Gaisford of the effect of sulphapyridin. 
During the period October 1938 — March 1941, Hegler treated 730 
cases of pneumonia udth sulphapyridin at St George’s Hospital, 
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Paroles d’adieu prononcees a la memoire 
d’Olaf Scheel le 19 janvier 1943 

devant la Society de Medecins Suedois. 

Par 

G. BERGMARK. 

(Ce travail est parvenu h la redaction le 12 Avril 1943). 


Au debut de janvier, cette annee, nous apprenions dcNorvege 
qu’ Olaf Scheel, ancien medecin-chef de I’hopital d’UIleval et 
Membre Etranger de notre Societe, etait decede le 27 decembre. 
Avec lui disparalt Fun des medecins les plus distingues de Norvege 
et Tun des plus ardents champions de la collaboration scandinave. 

Ne en 1875, etudiant en 1893, med. cand. en 1900 et docteur 
en 1912, Scheel se consacra d’abord a I’anatomie pathologique et 
il fut pendant plusieurs annees I’assistant de Harbitz. Bientot, 
cependant, il fut attire par I’etude des maladies internes et devint 
le disciple de Soren Laache et de Peter Holst. Interne des hopi- 
taux en 1907, medecin attache a Fhopital d’Ulleval en 1912, il prit 
en 1915 la direction d’un service a cethopital. En 1919, il fut nomme 
professeur de clinique medicale et il assura cette double charge 
jusqu’a sa retraite en 1940. Il fut President de la Societe de Mede- 
cine de 1934 a 1936 et President du dernier Congres Scandinave de 
medecine interne en 1939 a Oslo. 

Scheel laisse apres lui des travaux scientifiques nombreux et 
varies. Scs premiers travaux ont trait surtout a des questions 
d’anatomie pathologique, telles que les alterations du systeme 
vasculaire au cours des diverses maladies, la pathogenese de I’ictere 
et I’histopathologie de la poliomyelite. Parmi ses travaux cliniques, 
^3 — Ada med. scandinav. Vol. CXJV. 
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on remarque surtout sa grande etude Der klinische Bluidmck 1912, 
ou il demontre — le premier, autant que je sache — qu’on peut 
constater de Thypertension sans que les reins revelent la moindre 
alteration anatomique visible au microscope. En outre, il a fourni 
des contributions importantes au diagnostic des maladies de 
I’estomac et du foie ainsi qu’a I’etude clinique du diabete. Mais le 
domaine qui, durant ces 15 dernieres annees, accapara par-dessus 
tout son attention, et ou il a apporte une contribution capitale, 
c’est celui de la tuberculose pulmonaire, de sa clinique, de son 
caractere epidemique et de sa prophylaxie, 

Scheel ne s’en laissait pas imposer par les resultat quelalutte 
centre la tuberculose peut etaler jusqu’ici. Cette lutte, comme on 
le salt, a ete principalenient conduite comme un combat contre la 
contagion. Dans une maladie infectieuse aigue, on peut enrayer la 
contagion par I’isolement des malades. Il en est de meme pour une 
maladie ebronique sporadique telle que la lepre. En ce qui concerne 
la tuberculose, consideree seulement en Norvege, ou Ton peut, com- 
me rindique Scheel, malgre les nombreuses constructions de sana- 
toriums, pourtant a peine r^ussir a isoler un cinquieme des- cas in- 
fectieux, dans ce cas, la question se pose tout autrement. Cette 
lutte, en verite, n’a pas atteint son but, puisque, mSme dans un 
pays k la population clairseraee comme la Nors’-ege, tous les indi- 
vidus pratiquement presentent des signes d’infection tuberculeuse 
avant d’atteindre Cage de trente ans. Si Ton reussit a proteger effec- 
tivement I’enfance, ceux qui traversent la crise de la puberte et les 
adolecents n’en sont que plus exposes. En ce qui concerne I’ado- 
lescence, Scheel n’a pas pu constater la moindre diminution de la 
mortalite par la tuberculose. En d’autres termes, pour citer Scheel 
lui-meme, celui qui a reussi a eviter Charybde dans I’enfance, ren- 
contre Scylla a I’age de la puberte ou plus tard, et il est plus que 
douteux qu’on ait affaire, en ce qui concerne les filles, a une morta- 
lite moindre pour celles qui sont contaminees au cours de leurs der- 
nieres annees scolaires que pour celles qui le sont au cours des pre- 
mieres annees scolaires. 

S’appuyant sur des epreuves tres poussees fondees sur la methode 
de Pirquet, Scheel se separe nettement de la theoriegeneralemcnt 
admise qui affirme que la mortalite par la tuberculose dans la 
deuxieme partie de la jeunesse dependrait du reveil d’une infection 
tuberculeuse latente existant depuis I’enfance. Il souligne avec force 



PAROLES d’ADIEU PRONONCISES A LA M^MOIRE d’oLAF SCHEEL ETC. 493 

que rinfection determinante de la tuberculosc et I’apparition de la 
maladie, ainsi que son evolution qui pent etre fatale, constituent 
en regie generale, des phases qui se suivent rapidement. 

Scheel a constate une correlation entre raccroissemerit de la 
taille des soldats et la diminution de la mortalite par la tubercu- 
lose. II voyait la une confirmation de son idee que la cause essen- 
tielle de la diminution de la mortalite par la tuberculose ne devait 
etre chercliee ni dans la lutte centre la contagion, ni dans les soins 
sanatoriaux, mais tout simplement dans I’amelioration des con- 
ditions dconomiques et I’elevation du niveau de la vie, 

Cela nous rappelle un mot qui fut prononce des 1907 par I’un 
de nos pionniers suedois de la lutte anti-tuberculeuse, le vieux doc- 
teur Carl Waller, de Halahult: <(Ce no sent pas les sanatoriums mais. 
les sjmdicats qui font diminuer la mortalite par la tuberculose.)) 

L’apport scientifique de Scheel, celui qui peut sans doute etre 
considere commc le plus important de sa carriere, ce sent ses re- 
cherches — poursuivies et achevecs depuis si elegamment par 
Heimbeck — concernant les risques de contagion encourus au 
cours de leur travail dans des services de tuberculeux par les 6tu- 
diants en medecine et les infirmieres, selon que leur Pirquet est 
negatif ou positif. 

Les chiffres apportes par Scheel demontrent de la maniere la plus 
convaincante que, de ces deux categories de jeunes gens, ceux qui, 
d’apres le resultat de la reaction de Pirquet, doivent etre consideres 
comme ayant echappe a une infection tuberculeuse anterieure, sont 
ceux qui sont le plus exposes a la tuberculose, beaucoup plus que 
. ceux qui presentent des signes d’une infection anterieure. 

Ce fait une fois constate, Scheel se consacra a une 6tude plus 
approfondie de la valeur prophylactique de la vaccination par 
le B; C. G. Malgre son scepticisme habituel, il fondait sur cette 
methode de grandes esperances, et on peut le considerer, dans ce 
domaine, comme un precurseur dans les pays du Nord. 

C’est a cette question qu’est consacr^ son dernier article dans 
le Nordisk Medicinsk Tidskrift, ou il peut faire etat de vastes mate- 
riaux portant sur des cas suivis pendant longtemps et qui montrent 
que la mortalite par la tuberculose peut etre considerablement redui- 
te grace au B. C. G. Mais il fait une importante reserve sur la portee 
de la methode, a savoir que la protection conferee par la vaccina- 
tion ne peut guere durer plus de quatre ou cinq ans. 
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Lorsque Scheel, il y a quelques annees, s’adressa ici meme 
aux medecins suedois, c’dtait justement pour leur parler du vaccin 
de Calmette. 

Un des plus beaux titres degloirequese suit acquis Scheel, c’est 
la magnifique description de la tuberculose qu’il a donnee dans le 
Nordisk Ldrobok i intern medicin. 

Toutes les publications de Scheel sont empreintes d’un accent 
sobre et veridique. II n’a jamais laissepublierun travail inacheve. 
L’attitude critique que Ton distingue dans toutes ses publications 
scientifiques, se retrouvait aussi dans son activite pratique. II se 
montrait particulierement critique en ce qui concerne Taction des 
preparations pharmaceutiques; par example, il montrait une grande 
repugnance devant Temploi, accepte sans discernement tant par le 
public que par les medecins, des remedes centre la toux qui facilitent 
Texpectoration. 11 a emis Topinion que ces remedes n’agissent que 
lorsqu’on <(les administre a un stade ou Texpectoration devient d’elle- 
meme plus aisee; mais, alors, il est superflu de les prescrire». 

J’ai dit que Scheel etait un partisan ardent de la collaboration 
entre les pays du Nord. Il etait Thote assidu de nos congres, et, en 
qualite de secretaire general, il a accompli une t&che considerable 
et fort utile. Lorsqu’apres la crise de 1905, les congres mddicaux 
reprirent, en 1909, il y joua, malgre sa jeunesse, un rSle tres actif. Il 
fut le president hautement apprecie et chaudement acclamd du der- 
nier congres, en 1939, a Oslo. 

Personnellement, Scheel etait un etre exceptionnellement atti- 
rant. Sans pretention, d’une culture raffinee, competent dans 
beaucoup de domaines, et non pas seulement en medecine, il etait 
le compagnon de voyage reve. Bien qu’il eut de la vie et des hom- 
mes une conception sceptique, quelquefois pessimiste, il avait un 
sens profond de Thumour. Ceux qui ont assiste au Congres de 
Copenhague, en 1927, se souviennent peut-etre des paroles qu’il 
pronon^a, lorsqu’il se chargea d’exprimer les remerciements des 
hotes; »Nous avons ete si bien re^us et entoures de tant d’attentions, 
que je voudrais dire comme cette femme qui contemplait le groupe 
du sculpteur Sinding To Mennesker: dSi une chose comme 5a finit 
bien, alors tout finira bien!» 

Patriote ardent, il a souffert au-dela de toute expression des 
mallievrs qui sont venus accabler son pays, mais il ne s’est pas 
laisse abattre. Dans une lettre a un collegue suedois, il disait: <(La 
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situation ici n’est pas la meme pour tous. Pour ma part, je ne puis 
pas me plaindre, du point de vue materiel. J’ai la chance d’habiter 
un appartement muni d’un vieux poele et si demode que personne 
ne veut I’occuper; je cliauffe seulement le petit bureau ou je vis. La 
difficulte principale est d’arriver a me procurer un peuplus debois 
que je n’en ai, sinon je mourrai de froid cet liiver». 

Cette lettre etait datee du 24 decembre. Le matin du jour de 
Noel, il tombait inanime dans la rue et il mourait le 27 decembre. 

La lettre dans laquelle le vieil ami de Scheel, compagnon de sa 
jeunesse, le professeur Olav Hanssen, annon^ait sa mort, se termi- 
nait par ces mots; <(Grieg ecrivait un jour: ’Dans la jeunesse, avoir 
des amis est chose naturelle; dans la vieillesse, nous comprenons de 
quel prix ils sont’. Scheel etait de ceux dont la possession n’a pas 
de prix.» 

Dans cette epoque difficile, Scheel s’est affirme comme une 
des figures de premier plan de la medecine nordique. 

Au nom de la Societe de Medecins Suedois, je salue respectu ease- 
ment sa memoire. 
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Sharp Penetrating Heart Wounds. 

By 

Dr. F. S. P. van BUCHEM. 

(Submitted for publication April 15, 1943). 


The purpose of this article is not to follow up the surgical prob- 
lems which arise in case of a sharp heart wound, but is rather a 
study of the consequences, which this causes on the circulation, 
and especially on the heart itself. 

We had the opportunity of observing a case of sharp heart 
wound from the 1st day after the trauma. A man of 26 received, 
on the 10th day of October, at 10 o’clock, a stab in the cardiac area. 
He walked on 150 meters, then fell. After about 15 minutes, a first 
aid bandage was applied and he was transported to the hospital. 
At this time the man was suffering from shock. The skin' was 
clammy and cyanotic. The pulse was faint, irregular and unequal. 
Above the heart a murmur could be heard, and the sounds were 
almost inaudible. On the left side were signs of a pneumothorax. 
At the height of the 9th rib was a wound in the medioclavicular 
line, out of which appeared much blood and clots. The operation took 
place within an hour after the wounding, under laughing gas nar- 
cose with surcharge. The operator, (Dr. Goossens) found a wound 
8 cm long in the pericardium, and a wound of several centimeters’ 
length near the base of the heart, through the wall of the right 
ventricle. Blood came in spurts out of the penetrating heart wound. 
The myocardium and the pericardium were sewn up, as well as the 

pleura. None of the coronary arteries needed to be ligated. 
























498 


F. S. P. VATf BUCHEM. 



Fig. 2. X-ray photo 14 October. L. 18.5 cm. Mr. 6.8 cm. Ml. 12.1 cm. 

About 12 liours after the trauma, the general condition was 
rather good. The pulse was frequent, 116 per minute, regular, 
moderately filled. The blood pressure Avas 95/65. The heart figure 
proved to be someAvhat dilated. The sounds were clear and no peri- 
cardial friction was heard. In the lower left side at the back, many 
damp rales Avere audible. The liver Avas not palpable and the bi- 
percussion Avas not enlarged. The urine AA^as free from albumen, the 
urobilin reaction Avas clearly positive. 

The electrocardiogram then already shoAved decided anomalies 
(fig. 1 a), namely a displacement of the S — ^T-segment above the ^ 
isoelectric line in all of the three standard leads, in the 1st lead 
2 mm, in the 2nd lead 3 mm, and in the 3rd 1 mm. Temperature rose 
the 1st days to 38.2 (armpit). Sedimentation Avas 75 mm, after 1 
hour. Haemoglobin percentage Avas 85, erythroc. 3,500,000, leuco- 
cytes 8400, eosin. 1 %, segment nuclear 78 % % lymphocytes 
12 % % monoc. 7 ^ % plasma cells % %. 

On the 4th day pericardiaWriction sounds Avere present, Tlie 
liver was not palpable. X ray photos fig. 2 shoAved the heart 
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Fig. 3. X-r.iy photo. 28 October. L. 17.5 cm. 


shadow' strongly broadened on both sides, the pulsations of the 
borders Avere sliglit, l)ut the contours of tlic various parts were quite 
visible. An exudate of any significance Avas not to be seen. The 
pleura anomaly is responsible for the fading on tlie left under side, 
an obvious effect of the wound. After 7 days the heart figure 
seemed decidedly smaller but still thick. Tlie electrocardiogram 
showed a gradual receding of the defects (fig. 1 b and 1 c). 

10 days after the trauma the venal pressure was still too high 
(140 mm) the circulation tempo normal (fluorcsceine 20/25 sec.) 
The pericardial friction was still audible as ■well as crepitating rales 
in the left lower side at the back. The liver was not palpable 
and not enlarged percutorically, 

18 days after the trauma the patient felt Avell, and was not 
tired. The heart seemed still broadened however, but no defects 
were to be heard, namely no pericardial friction and no gallop- 
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Fig. 4. X-ray photo 30 November. L. 16.1 cm. ' ' Aneurysma cordis (T). 


rhythm. The sedimentation tempo showed 125 mm, after 1 
hour. A strong urobilinuria was present. Blood pressure 125/80. 
X ray photo showed a thick heart shadow with a ragged border near 
the apex (fig. 3). The electrocardiogram still showed only a neg- 
ative T in the 1st and 2nd leads and an upward directed convex 
ST-segment. 

Exactly a month after the trauma the patient was doing well. He 
felt a thrust from time to time in the cardiac area. The pulse was 
regular, well filled. Blood pressure 115/70. The ictus cordis was 
palpable in the medioclavicular line. The heart figure reached per- 
cutorically from the right sternal border to the medio clavicular 
line. The sounds were clear. The liver was not palpable. The 
sedimentation tempo stood at 18 mm. Now the heart, from x-ray 
photos, proved to be decidedly smaller. Next to the apex cordis 
could still be seen a slight bulge on the heart shadow (aneurysma 
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Fig. 5. Kymogram, absence of pulsalion at the height of the 
saneurystna cordis». 


cordis). The electrocardiogram showed a negative T in the 3 stan- 
dard leads (fig. 1 d). 

1 % months after the trauma the general condition was good. 
Patient still coughed up slime. He smoked a great deal. The pulse 
was regular, equal, frequency 84 per minute. Blood pressure stood 
at 100/60. During the physical examination no defect in the heart 
was to be found. Some bronchial murmurs above the lungs were 
audible. The liver was not palpable. The urine was free of albu- 
men, having only a very small amount of urobilin, sedimentation 
tempo showed 2 mm after 1 hour, circulation tempo showed with the 
saccharine method 10", with the fluoresceine method 25/30", the 
venal pressure 115 mm, vital capacity 3 % liter (length 1.71 m, 
weight 75 kg). 
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The X ray (fig. 4) showed the heart to have a normal size, but a 
sliglit bulging of the heart shadoAv could be seen near the apex. 

The electrocardiogram still showed a negative T in the first 
lead (fig. 1 e). After 3 months the only defect showed by electrocar- 
diogram was a slight displacement of the S— T segment in the 2nd 
lead (1 mm) and a still rounded ST— T in the 4th lead (fig. 1 f). 

We have even checked up with a kymogram, where the absence 
of pulsations at the height of the wound was clearly visible (fig. 5). 
The reactions of Wassermann, Kahn and Meinecke were negative. 

The symptoms accompanying a sharp penetrating heart wound 
are usually kept under control by the existing shock, resulting from 
the loss of blood. In addition the effects of an eventual heart tam- 
ponade (swollen neck arteries) can appear. The pulse is faint, 
often irregular. Tiie heart sounds are weak, sometimes hardly 
audible; murmurs were heard several times. Blood pressure is low, 
below the 100 mm. If the liver is touched in the wounding, the 
bleeding is usually deadly, if proper assistance is delayed. Morta- 
lity in operations gives contrasting figures (26 — 60 %). The progno- 
sis is favorable if the sewing-up of the heart wound is expertly 
done, no matter if the former condition was deplorable. In case the 
larger branches of the coronary arteries must be ligated, the factis 
for the prognosis is unfavorable. It will then be necessary, usually, 
to make new collateral connections, a heart lung suture for example, 
although some cases without this extra operation are knowm to have 
been successful [Schneider (14).] 

On the long run the results prove satisfactory, although the 
heart muscle acquires a scar, at the place of the heart wounding. 
Usually the patients are able to resume their work as before. 

If one of the large branches of the coronary arteries is ligated, an 
unfavorable course can fafer be remarked. For exnmple, Mohr (7) 
saw in his patient, in whom the ramus descendens of the art. coron. 
sinistra was ligated and where a good result was established accord- 
ing to a normal electrocardiogram, after 4 years a dilatation of the 
heart wdth a pronounced defect shown in the electrocardiogram 
(in the 1st lead Q strong, T negative, ST above the isoelectric line). 

The wounding in our case, was of a young man, who had never 
been ill. He had 3 healthy children, his wife was also health}'' and 
had had no miscarriages, the reactions on lues were negative. 
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Among the cases reported in medical literature, such defects in 
the electrocardiogram consisted in a shifting of the ST-segment 
above the isoelectric line in the 1st and 2nd leads, combined with a 
saddle form. In our patient a similar defect showed, itself in the 
3rd lead, which we were able to record, as the electrocardiogram 
could be controlled already 12 hours after the trauma [Daven- 
port and Marlde (3)], on the following day tlie ST segment in the 
tliird lead was almost on the isoelectric line again. Like others 
VTiters, we also saw the ST segment in tlie 1st and 2nd leads gradu- 
ally approach the isoelectric line and this combined with a sharp 
negative T. The ST-segment showed thereby a change from the 
saddle form into an upward convex curve. In the thoracal lead (FV) 
Q remained, just as Davenport (3) and Erkelens (17) found it, but in 
contrast to what these examiners found, there was no question of an 
inversion of T in this lead. This was only shown in one cardio- 
gram (fig. 1 d). Elkin and Phillips (5) electrocardiogrammed just 
before and 10 minutes after the operation, and no defect of any 
importance was to be seen. 

When the described electrocardiograms are compared, this 
resemblance is striking, in spite of the difference in localization of 
the heart wound namely if the right ventricle [Porter and Bigger 
(13), Davenport and Markle (3), Wood (16), Gissane (6) our case] 
— or the left ventricle [Merkel (7), Erkelens (17), Bates and Talley, 
Elkin and Phillips (5), 2nd case), or both ventricles [Mondry (9)], 
were affected. If the larger branches of the artt. coronariae are 
ligated, then the electrocardiogram changes enough, to give a grea- 
ter resemblance to the figure of a myocardium infarction (discon- 
grucncc of the ST segment in the 1st and 3rd leads (Elkin and 
Phillips, Davenport, Blumenthal and Cantril (4)]. Also no differ- 
ence was to be seen whether or not tamponade of the heart was 
present, whicli Davenport, Markle (3) and Wood (16) regarded as 
the cause of electrocardiographic defects. Using these proofs as a 
base, ev'^entual heart tamponade can be excluded as the cause of the 
electrocardiographic defects, and it is even less probable that the 
heart wound can be localized with the help of the electrocardio- 
gram, which Merkel (7) and others contended. At first the electro- 
cardiographic defects seemed to resemble the picture which, in case 
of a myocardium infarction can be seen; namely, the initial displace- 
ment of the ST-segment above the isoelectric line and the later 
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appearing sharp negative waves (T). Upon closer study, however, 
greater differences prove to exist. In the first place the upward 
movement of the ST-segment is combined with a saddle form, in 
contrast to the convex curve which appcaxs.in case of a myocardium 
infarction. In the 2nd place, it is clearly seen in our case, that this 
movement takes place in all 3 of the standard leads, in the same 
direction, while we sec the opposite in the 1st and 3rd leads 
in the case of the infarction. There, the movement of the seg- 
ment is upward, in the 1st or 3rd lead, combined with a. depression 
of the ST-segment in respectively the 3rd and 1st lead. 

Thirdly, the thoracal lead docs not slmw the typical anomaly of 
Q en T of a case of an infarction. In our case, we see the stabilitj’ of 
the initial Q and an absence of an inversion of T, which is so char- 
acteristic in the case of infarction of the anterior surface. Finall}', in 
most cases, the appearance of Q in the standard leads was lacking, 
in the stadium of the negative T-waves. In our case however, 
this is true. 

Tlie differences mentioned render it therefore superfluous to 
seek any resemblance to a myocardium infarction. 

The electrocardiographic changes, wliich occur in the further 
course, namely the sharp negative T curves, combined with a 
convex ST-segment especially in the 1st lead strongly resemble that 
which is observable in the later phases of a myocardium infarction. 
The distinction is that a negative sharp T in all 3 standard leads is 
not explained by a myocardium infarction, but is a characteristic of 
acute pericarditis [Winternitz, Langendorf (15), Noth Barnes (12), 
and others). We will return to this later. 

The electrocardiographic picture shows a much more striking 
resemblance, also in the first days, to that which is sometimes appa- 
rent with an acute pericarditis within the 1st 12 days 

Vander Veer, Norris (11), Bellet and McMillan (1) found that the 
anomalies were clearest if an extensive subpcricardial myocarditis 
was present. Parallelism existed even between the myocarditis 
and the grade of the electrocardiographic anomalies. [Bellet and 
McMillan(l)]. At the same time it was proven that the greater or 
smaller quantity of exudate was unimportant in regard to these 
anomalies. 

' There also, do we see the typical saddle form of the ST-segment 
situated above the isoelectric line and a later appearance of sharp 
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negative T-Wcives. Here too the initial result of QRS in the 4th 
lead is stabilized, and. a descent of the ST-segment in this lead is 
often present, (Bellet and McMillan). 

When there is so much moisture in the pericardium that the 
pressure there becomes higher than that in the auricles, so that the 
auricles and the ventricles arc insufficiently filled, then the coron- 
ar}' circulation is disturbed and consequently anomalies are caused 
in the electrocardiogram. 

In full accordance with these researches, which clearly show that 
besides the pericarditis the myocardium defects arc important in 
causing the electrocardiographic defects, are the observations in 
patients with a penetrating heart wound. In these case the de- 
scribed electrocardiographic defects are strongly pronounced, even if 
no branch of the artt. coronariae is touched. Winternitz and Lan- 
gendorf believe that especially the pericarditis causes the changes 
in the electrocardiogram, otherwise such great areas of the myo- 
cardium ought be climinacd that the patient cannot be expected 
to survive. That such a knife wound can cause such extensive myo- 
cardium clianges is shovm in the series of x ray photos, which we 
made of our patient. Mere we can sec that, firstly, the shape of the 
heart shadow is not determined by a pericarditis exudate, but, by 
a general enlargement of tlie heart itself, tliis is made clear by the 
form of the heart shadow with the still visible borders of the various 
parts and the lack of a broadening of the artery shadow. 

We see the typical, plump heart form, which is sometimes to be 
observed in heart dilatation in case of anaemia, myxoedema, and 
acute myocarditis. Also, in these cases, the receding of a clear dila- 
tation can be observed within a short time, if it concerns patients 
with an otiiervdse normal heart. (Van Buchery and Polak 
Daniels). 

That an infected wound in an area containing such a quantit}^ of 
blood and arteries as the heart muscle can be the cause of a quickly 
spreading inflammation is not to be wondered at. 

We believe also, that tliis observation is a confirmation of the 
theory maintained by Vander Veer, Norris, Bellet, and McMillan 
that besides the pericarditis, especially the myocardium injury is 
responsible for the important, electrocardiographic defects. 



506 


F. S. P. VAN BUCHEM. 


Literature. 

1) Bellel & McMillan: Arclu of ini. xned. 61, p. 381, 1938. — 2) van 
Buchem & Polak Daniels; D. Arch. f. Win. med. 174, p. 250, 1932. 

3) Davenport & MarWe; the journ. of thorac surgery III, p. 374, 1934 

4) Davenport, Blumonlhal, Caulril: Journ. of thorac surgery V, p. 208, 
1936. — 5) Elkin & Phillips: Journ. of thorac, surgery I, p. 113, 1932. — 
6) Gissane: The Lancet 17 July 1937, p. 132. — 7) Merkel; Zentralblatt 
fur Cliirurgie 66, p. 2323, 1939. — 8) Mohr; Zentralblatt fiir Ghirurgie 
68, p. 11, 1941. — 9) Mondry: Zentralblatt fur Cliirurgie 66, p.'743, 
1939. — 10) Nana: Zentralblatt lur Cliirurgie 66, p. 2198, 1939. — 11) 
Norris & van dor Veer: Tlie amcrican lieart journal 14, p. 31, 1937. — 12) 
Noth & Barnes; Arch, of int. med. 65, p. 291, 1940. — 13) Porter & 
Bigger; Am. journ. of med. sciences 184, p. 799, 1932. — 14) Schneider,; 
Zentralblatt f. Cliirurgie 67, p. 1781. 1940. — 15) Winternitz & Langen- 
dorf: Acta med. Scand. 94, p. 141,1938. — 16) Wood; The Lancet 233, 
p. 798, 1937 II. — 17) Zaaijer & Erkelcns; Ned. Tijdschr. voor Geneesk. 
85, p. 743, 1941. 



Acta Medica Scandinavica. Vol. GXIV, fasc. VI, 1943. 


(From the hospital in i)De Gamles Bj'», Copenhagen. Chief Phj^sician: 

Torben Geill M. D.) 


Auricular Flutter and Auricular Fibrillation with 
complete Auriculo-ventricular Block. 

By 

NIELS THORBORG, Copenhagen. 

(Submitted for publication May 13, 1943). 


During the last 4 years 3 cases of auricular flutter with complete 
auriculo-ventricular block have been observed in )>De Gamles By», 
and as the subject does not seem to have been treated before in the 
Scandinavian literature an account will here be given of these cases, 
and of four cases of auricular fibrillation with complete auriculo- 
ventricular block which have been observed within the same period. 

Previous Gases. 

A combination of auricular flutter with complete auriculo-ven- 
tricular block rarely occurs. Thus Willius (1927) (8) only found it 
in one patient among more A ban 40,000, and on reviewing more 
than 20,000 electrocardiograms Digregorio and Crawford (1939) (1) 
found only 2 cases. 

A survey of the cases reported up to 1937 is found in a paper by 
Jourdonais and Mosenthal, (3) who collected 28 cases and added a 
new one. Later on Digregorio and Cravdord (1) published 2 more 
cases. 

Of these 31 previous cases 4 occurred in women. The age of the 
patients ranged from 13 to 74 years, but 80 % were over 50 years 
old. 

In most cases the etiology was coronary sclerosis. 3 cases were 
due to syphilitic heart affections, 1 to rheumatic fever, 1 to congen- 
34 — Ada med. scandinav. Vol. CXJV. 
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ital lieart disease, and 1 to thyreotoxicosis. Most of the cases were of 
spontaneous origin, hut three were caused by digitalis, and in two 
cases auricular flutter occurred with pre-existing complete auriculo- 
ventricular block after treatment with atropine. 

In eight cases sinus rhythm was established by treatment; in 
five with quinidine, in 2 with digitalis; and in one by thyroidectomy. 
This interesting case was communicated by Strauss (1927. Report- 
ed by Gager) (2). The patient was a woman who for many years 
had suffered from a complete auriculo-ventricular block (congen- 
ital?) and in wdiom auricular flutter occurred simultaneously with 
symptoms of hsTierthyroidism. After thyroidectomy her auricular 
flutter ceased, whereas the block persisted. 

A combination of auricular fibrillation wdth complete auriculo- 
ventricular block is mentioned by several authors [Wenckebach 
and Winterberg (1927) (7), Katz (1941) (4), Scherf and Boyd (1941) 
(6)] as not rarely occurring, but is not more fully discussed. There 
does not seem to be any fundamental difference between complete 
auriculo-ventricular block with auricular flutter and with auricular 
fibrillation and in the present work therefore the two groups will be 
treated under one head. 


Own cases. 

Case 1. {J. 1401/40). — Woman aged 75. Admitted 12/10 — 38, died 
16/12 — 40. No previous diseases of importance. The heart affection had 
begun a couple of years before admission with attacks of angina pectoris 
followed by functional dyspnoea and retrosternal pain. Three limes treated 
in hospital, the diagnosis being arteriosclerosis, myocardial degeneration, 
heart block. Electrocardiograms taken in May and September 1938 showed 
complete A — block. Moved to oDe Gamles By» 12/40 — 38. Upon admis- 
sion symptoms of severe heart disease; dyspnoea and cyanosis upon the 
slightest exertion. Peripheral arteries very sclerotic. Pulse 36, regular. 
Blood pressure 170/60. The heart; Ictus in 5th intercostal space in the 
anterior axillary line. Over the whole precordium, most marked at the 
apex, a systolic bloudng murmur. Action 36 as in pulse. There is pulmonary 
stasis and enlargement of the liver. No ascites, edema, or albuminuria. 
W. R.: 0. Electrocardiogram 14/10—38 (Fig. 1): Instead of P-Waves are 
seen, most plainly in Lead III, regular uniform F-Waves witli a frequency 
of 375. Ventricular action regular without relation to the F-Waves. Initial 
complexes wide (0.16), slurred. The greatest deflection upright in Lead I, 
negative (S-type) in Leads II and III. Deflections large. S Tj lowered. 
S — Ts elevated. Tj diphasic, T, and Tg positive. — During the iuriher 
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Fig. 1. Case 1, 14/10 — 38. Auricular fiuller and complete auriculo-ventri- 

cular block. 


course the pulse was constant around 36 (32 — 48). The patient was always 
somewhat dyspnoeic hut managed to be up and about a great part of the 
time. Treated with aminophyllin. Repeated electrocardiograms all showed 
flutter and complete A — V block as on admission, while the ventricular 
complexes following clinical exacerbation presented changes indicating 
posterior wall infarction, and likewise revealed alterations as in bundle- 
branch block of the Bayley type, with a deep and broad and M-shaped 
CFj. Death supervened suddenly 26 months after admission. No post- 
mortem. 

Epicrisis. In a woman aged 75 suffering from arteriosclerotic 
heart affection and in wiiom complete A — V block has previously 
been ascertained, spontaneous auricular flutter sets in. During 
the course of the disease the ventricular complexes are changed 
and show signs of posterior wall infarction and bundle-branch 
block of the Bayley type. Tlie patient dies 26 months after auri- 
cular flutter has been demonstrated. 

Case 2. (J. 161/41). — Male aged 84. Admitted 10/12 — 36, died 4/2 — 41. 
The only information of previous affections is of a febrile bronchitis about 
10 years before the admission. The heart disease manifested itself in 
dyspnoea, a tendency to edema, and mild precordial symptoms in con- 
nection with a febrile bronchitis. Committed to hospital on 28/11 — 36, 
whence it is communicated that the diagnosis was senile decay, myocar- 
dial degeneration, heart insufficiency. Treated with digitalis and moved 
to dDo Gamles Bj"# after 12 days. — Upon admission no cyanosis or resting 
dyspnoea. Peripheral arteries sclerotic. Pulse 60, regular. Blood pressure 
140/75. Heart covered by lung. Ictus not felt. Sounds distant, dull. No 
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Fig. 2. Cnsc 2, 0/9 — 40, Auricular flutter niid complete nuriculo-ventri- 

culnr block. 


piil.ee deficiency. No pulmonary .ela.ei.e, enlargement of liver, ascilc.e, or 
edema. Albuminuria and p^^lria present. W. R.: 0. Elrktrocardiograni: 
15/12 — .30. Auricular fibrillation with rallier coar.se F-waves. Ventricular 
action .somewliat irregular, c. .SO. Initial complexe.s Avido (0.12) and slurred. 
The greatest deflection positive in Lead I, negative of tlie S-type in Leads 
II and III, S — T segments normal. Tj isoelectric T, and T 3 positive. — 
Managed quite well out of bed and without treatment till 28/8 — 40. Then 
coiOplained of a pain in the jireeordium and a sensation of oppression. No 
rise in temperature. The day after the action of the heart Was 30, reguKar. 
4/0 orthopnoea. Colour pale, cyanotic. Heart sounds very faint, action 28. 
No basal crc])italion, enlargement of liver or ascites. Slight prclibial 
edema. Blood pressure l.aO/SO, Electrocardiogram (<1 ^ — 40 (Fig. 2.): Regu- 
lar F-waves with a frequency of 428 observed most distinctly in Lead II. 
Ventricular action regular, 27, without fixed relation to F-waves. Initial 
complexes wide (0.14). low (< 0.5), upward directed in all extremity leads. 
Tj negative, Tj positive. Negative initial deflection in CFj and IVp- S T 
elevated in CF., T j)osilive in CFg, negative in IVp. Later electrocardio- 
grams all sjiowod complete A — V block and auricular flutter (on one 
occasion, however, auricular fibrillation, it being impossible even with the 
use of precordial leads both with plate and needle electrodes to demonstrate 
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rf'frtil.'ir F-waves). On llie olher liand, there was a change in the vontricular 
complexes wliich in the first pictures had shown changes as in anterior wall 
infarction, especially in CF* and IVp. hut now assumed an ap})earance as in 
branch hloch of Baylcy's type with a deep, broad Si and M-shaped QnScFj- 
The ventricular action was about 30. Treated with aniinophyllin and diure- 
gan, hut fell gradually into a decline. Died r> months after tin? demonstra- 
tion of auricular flutter and complete A — ^5*^ block. The postmortem fin: 
dings Were total pericardial symphysis with considerable calcaroovis depo- 
sits, corresponding to the anterior wall of the right ventricle. Hjtiertrophy 
and dilatation of the heart. Moderately severe atherosclerosis of the aorta 
and coronary arteries. Microscopic examination of the myocardium reve- 
aled nothing abnormal. 

Epicrisis: A male patient aged 81 is admitted for an arterio- 
sclerotic affection of the heart with auricular fibrillation and ins\if- 
ficiency symptoms. Barely 4 years later auricular flutter and 
complete A — V block arc found in connection with symptoms of 
coronary insufficiency. Death supervenes 5 months later. 

Co.se it (.1. 720/41). — Woman aged C5. Admitted 7/3 — to, died 
28/0 — tl. lias not had diphtheria, scarlatina, or rheumatic fever, 'J'he 
heart affection set. in about 10 years earlier with functional dyspnoea. 
Committed to hospital for heart, disease in 1030. Since 1930 increasing 
functional dyspnoea, cough, expectoration, tendency to edema, and at- 
tacks of angina pectoris. In hospital lO/l — 8/2 1940 and thence, moved to 
another hospital wliere the diagnosis was myocardial degeneration, heart, 
block, angina pectoriso, arterial hypertension. Electrocardiogram G/3 — 40; 
P — Q 0.28. Action regular apart from a few ext ra.systoles. Left.^ided pre- 
ponderance. Not treated with digitalis. Moved to sDc gamles Byf 7/3 — 10. 
Upon admission there were signs of a .slight in.sufficicncy. Cyanosi.s of cheeks 
and lips but no dyspnoea at rest. Peripheral arteries sclerotic. Pulse 40, 
regular. Blood pressure 195/100 Heart: Ictus in Gth intercostal space 2 
fingers’ breadths outside the medioclavicular line, very heaving. Over the 
whole pveeordium. most marked at the aorta, is heard a long systolic mur- 
mur somewhat rough over the aorta, more blowing at the apex. Action simi- 
lar to pulse. Pulmonary stethoscopy;- rdlcs over both posterior surfaces. 
No enlargement of liver, a.scile.s. edema, or allnuninuria. W. R.; 0. Electro- 
cardiogram 9/3 — 10; Instead of P-waves are seen irregular F-w.-ivcs, mostly 
of the fibrillo-flutter type. Ventricular action regular, 40. Initial complexes 
wide, slurred. Greatest deflection positive in all leads from the extremities. 
Deep Qj S — segments normal. T, negative. T, iso-electric, T, .slightly 
jiosit ivo. In CF, the initial comjdex is diphasic With low, wide, split R-wavc, 
in IVp it is quite neg.alive. S— -T elevated in IVp. — In order to settle 
whether there was flutter or fibrillation precordial leads were taken with 
needle electrodes in the 2nd and otli intercostal space to the right of the 
sternum (Fig. 3), and distinct uniform F-wavos wore seen with a frequency 
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Fig. 3. Case 3. Prccorclial lead with needle elcclrodcs in Die 2nd and 5th 
inlercoslal spaces to the riglit of the slcrninn. — Auricular flutter and 
complete aurlculo-venlricular block. 


of 300. Initial complexes without any fixed relation to the F-waves. Not 
treated with digitalis or quinidine. Pulse dO — .50; some days, however, 
around GO, and on one occasion 72. The electrocardiogram showed in llie 
main unchanged conditions. Died 15 months after the finding of .auricular 
flutter and complete A — V-block with .symptoms of hronchopnoumoni.a. — 
— Autopsy .showed severe aortic stenosis with rigid, deformed, concrescent 
valves. Also heavy calcification of the annulus fibrosus of the mitral valve 
with some mitral stenosis. Considerable left sided hypertrophy but other- 
wise no macroscopic changes of the myocardium. Some atherosclero.sis 
of the aorta and the coronary arteries. 

Epicrisis: A woman aged 65, wlio has had heart symptoms for 
about ten years is admitted with insufficiency symptoms. Par- 
tial A — y block is found and a few days later spontaneous auricular 
flutter with complete A — V block. She dies 15 months later. 

Case 4 (J. 12G/40180). — Man aged 73. Admitted 24/4— -42. Previously 
in good health; has not had diphtheria, scarlatina, or rheumatic fever. 
For about 5 years functional dyspnoea and a tendency to edema. Com- 
mitfed to hospital in December 1941. The diagnosis here was arterial hyper- 
tension, heart insufficiency'. Blood pre.ssure 235/110. Electrocardiogram; 
Right bundle-branch block. Not treated with digitelis. Admitted to »De 
Gamles Byi> 24/4 — 42 with symptoms of severe heart disease. There is cy.i- 
nosis and resting dyspnoea. Peripheral arteries sclerotic. Pulse regular, 
44. Blood pressure 240/110. Heart: Ictus felt in the 5th intercostal space 
outside the mcdioclavicular line. There is faint fremissernent. At apex 
a long presystolic-systolic murmur. A* accentuated. Some pulmonary 
stasis (X-ray). No enlargement of liver, ascites, or edema. There is albu- 
minuria. W. R.: 0. X-ray: Heart much enlarged both on the right and the 

left (diameter 20.5 cm, width of thorax 29.55 cm.). The curve of the aortic 
arch long and prominent. Electrocardiogram 21 [A — 42 (Fig. 4): No P-Waves. 
Ventricular action regular, 3G. Initial complexes Wide (0.16). QRSidipha- 
sic with wide and deep S-Wave. QRS. negative W-shaped. QRS* diphasic 
with deep Qj. S — Tj somewhat lowered. S — Tj normal. S — Tg somewhat 
lowered. Tj diphasic, Tg isoelectric, Tg somewhat negative. Leads with 2 
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Fig. 4. Case 4, 27/4 — 42. Auricular fibrillaliou and complete auriculo-venlri- 

cular block. 


electrodes from Uie precordium sho^Ved no P-\vaves. Treated with amino- 
phyllin, mersalyl, and digitalis without any effect. Is gradually sinking, 
but still alive. Electrocardiogram on 26/1—43 shows unchanged condi- 
tions. 

Epicrisis: In a man, aged 73, with hypertensive and arterio- 
sclerotic heart disease of about 5 years’ standing is found spon- 
taneous auricular fibrillation and complete A — V block. Treatment 
with digitalis without effect. 

Case 5. (J. 243/43), — Man aged 76. Admitted 3/13 — 41, died 1/3 — 43. 
Had diphtheria in youth, but otherwise mostly in good health. About 6 
monlhs before admission showed a tendency to edema. No other cardial 
complaints. On 27/10 — 41 committed to hospital on account of increasing 
senile dementia. Moved to »De Gamles By» 3/12 — 41. Not treated with 
digitalis. — Electrocardiogram. 28/10 — 41: No P-Waves. Ventricular action 
regular, 39. Initial complexes wide (0.15), split, upward directed in Lead I, 
downward directed in Leads II and IIL T, negative, Ta and Tg positive. 
S— Ti somewhat lowered, S — T 3 somewhat elevated. — Upon admission no 
dyspnoea or cyanosis. Peripheral arteries highly sclerotic. Blood pressure 
220 / 110 . Heart covered by lung. Ictus not felt. Over the whole precordium 
a systolic murmur. Ag accentuated. No pulmonary stasis, enlargement of 
liver, ascites, edema, or albuminuria; -.W. R.: 0 . Electrocardiogram 6 / 1 ^ — 
41 (Fig. 5): NoP-waves. Ventricular action regular, 43. Initial complexes 
in Lead I wide (0.14), low, split, upward directed; in Leads II and III broad, 
split, do^vnWard directed isoelectric Ts and Tg positive. S — Tg and 3 
isoelectric. — Fairly quickly insufficiency symptoms developed, ;and the 
patient "diM 13 months after admission. Autopsy showed moderate athero- 
sclerosis of the aorta and coronary arteries. The myocardium diffusely 
hypertrophic with scattered fibroses; no myomalacia. The auricles large 
and lax. Aortic valves sclerotic. In addition, there was organic stasis and 
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Fig. 5. Case 5, G/12 — 41, Auricular fibrillation and complete auriculo- 

vcnlricular block. 


in tlie lungs disseminated lobular pneumonias, as well as llirombosis of the 
branches of the right pulmonary artery. 

Epicrisis. In a man aged 76 with hypertensive and arteriosclero- 
tic heart affection was found auricular fibrillation and complete 
auriculo-ventricular block. 

Case a. (.1. -124/42). — Woman aged 73. Admitted 17/4 — 41, died 
23/4 — 42. Previously in good health. Heart affection set in about 5 years 
before admission, with functional dyspnoea and attacks of angina pectoris. 
Committed to hospital 13/5 — 41 where the diagnosis was heart disease, 
aortic arteriosclerosis. Electrocardiogram: Auricular fibrillation. Treat- 
ment; Digitalis, nitroglycerine. Moved to »De Gamles By» 17/7 — 41. 

On admission no cyanosis or resting dyspnoea. Pulse 52, irregular. Blood 
pressure 150/80. Peripheral arteries sclerotic. Heart: Ictus felt in 5th 
intercostal space 1 — 2 cm outside the mcdioclavicular line. Systolic mur- 
mur over apex. P* accentuated. No pulmonary stasis, enlargement of liver, 
ascites, edema, or albuminuria. W. R.: 0. Electrocardiogram 21/7 41: 
Auricular fibrillation with irregular ventricular action of about 80. — On 
account of a tendency to edema and accelerated ventricular action (around 
120) 3 X 10 eg folii digitalis were administered from 29/3 to G/9. Discon- 
tinued on account of vomiting with simultaneous remoteness and dullness. 
Electrocardiogram 10/9— 41: Auricular fibrillation. Ventricular action regu- 
lar, 38. After digitalis Was discontinued the complete A — block disappe- 
ared again. Electrocardiogram 16/2 — 42 showed, auricular fibrillation With 
irregular ventricular action of c. 00 {precordial lead CF* and IVf showed 
nothing of special interest, particularly nothing indicating infarction). 
Gradually declined and died 9 months after admission. — Autopsy show- 
ed a hypertrophic heart. In the anterior ■wall of the left ventricle there Was 
a large myofibrosis. Locally severe atherosclerosis of the coronary arteries. 
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. Epicrisis: In a wom,an aged 75 treated with digitalis on account 
of auricular fibrillation and insufficiency symptoms a complete 
A~V block sets in but disappears again after digitalis has been 
discontinued. Autopsy showed a fibrous anterior wall infarction 
which had not been diagnosed. 

Case 7. (J. 1077/330). — Mcle, sged 77. Admilled 17/10 — 11. No 
previous history of diplilheria, scarlatina, or rheumatic fever. Chronic 
alcoholic. In 1929 committed to the Neurological Department for meuritis* 
of the legs. Never subjective heart symptoms. Present admis.sion for 
social reasons. — No resting dyspnoea or cyanosis. Peripheral arteries 
somewhat sclerotic. Blood pressure 145/05. vStethoscopy of heart; Ictus 
in 4th intercostal space in the medioclavicular line. Sounds pure. 
Action regular. No pulmonary stasis, enlargement of liver, ascites, edema, 
or albuminuria. No signs of avitaminosis. W. R.; 0. Elchtrocardiogram. 
23/10 — 41: In Leads II and III regular P-waves ^\ith a frequenc,y of 180. 
Only every third wave followed by a ventricular complex (P — Q 0.10). 
Initial complexes low (<0.5), wide, split, diphasic in Lead I, M-shaped in 
Leads II and III. Action GO. — There was tlierefore partial A — Y block 
(3: 1) and arborization block. — The patient managed well Without treat- 
ment until January 1943 when acute insufficiency supervened, with cyano- 
sis, resting dyspnoea, cough, and expectoration; pulmonary stasis, enlar- 
gement of liver, and edema. Blood pressure 190/110. 'Electrocardiogram 
19/1 — 43 (after administration of 40 eg folii digitalis): Auricular fibrilla- 
tion with slow% somewhat irregular ventricular action (c. 48). Also nume- 
rous ventricular hetcrotopic ox trr systoles. The ventricular complexes 
otherwise mainly as before. — Administration of 180 eg. folii digitalis for 
5 days, then 10 eg. 5 times weekly, and also mersalyl. Electrocardiogram 
26/1 — 43: Auricular fibrillation with slow, practically regular ventricular 
action. The ventricular frequency varies from 24 to 28. Initial complexes 
as before. In addition there is a ventricular bigeminy, every ventricular 
complex being succeeded by a ventricular extrrsystole of differing origin 
and coupling. — After discontinuance of the digitalis the complete A — Y 
block disappeared and an electrocardiogram obtained 15/3 — 43 showed 
the same conditions as on 19/1 — 43. — The patient is still in hospital. 

Epicrisis. An alcoholic aged 77 in tvhom partial A — block has 
previously been found is treated Avitli digitalis on account of acute 
insufficiency and auricular fibrillation. Following this complete 
A — block develops. After discontinuance of the digitalis the 
complete block disappears, whereas auricular fibrillation persists. 

Discussion. 

Frequency. — As already mentioned, auricular flutter with 
complete A — Y block is a rare finding; but the observation in this 
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department of 3 cases in 4 years would seem to indicate a some- 
what more frequent occurrence than suggested by the literature 
even though it is taken into account that our material is selected 
no patients under 60 being admitted. 

Etiology. — All our patients suffered from arteriosclerosis, 1 
(Case 2) perhaps also from rheumatic infection, and this agrees 
with earlier observations. In 2 of our cases (6 and 7) the block 
was due to digitalis and disappeared after discontinuance of the 
drug. 

With auricular flutter and fibrillation there is, as is well known 
practically always so-called functional block, lliis is due to the fact 
that some of the very numerous auricular impulses reach the auri- 
culo-ventricular node in its refractory period and therefore are not 
transmitted. There is no actual reduction of the capacity of con- 
duction. If, on the other hand, this is the case owing to toxic or 
organic injury to the conductive tissue there is a possibility that com- 
plete block may occur. The most frequent toxic action on the 
conductive tissue is due to digitalis which may cause all degrees of 
block. The effect is partly due to the fact that the refractory period 
is prolonged, partly to the circumstance that the excitability is 
reduced. 

Classification. — On the basis of the literature and the author’s 
owm cases it seems natural to classify the cases of auricular flutter or 
fibrillation with complete A — block in two main groups: 1. The 
spontaneous cases. 2. Those caused by medication. Each of these 
groups may then perhaps be subdivided into a) the cases with com- 
plete block where there is previous flutter or fibrillation and b) the 
cases where flutter or fibrillation sets in when there is previously 
complete block. As will appear later, this grouping may be of 
importance for the treatment. 

Diagnosis. — Clinically the diagnosis can only be made with toler- 
able certainty in the cases where a patient with auricular fibrilla- 
tion or flutter suddenly develops bradycardia with regular heart 
action under 50. Further, auricular flutter with complete block may 
be surmised if pronounced bradycardia is found, with regular 
pulsation of the jugular during diastole. This, however, will be of 
more theoretical than practical interest. Only by electrocardio- 
graphy can a conclusive diagnosis be obtained. 

Bradycardia is no cardinal symptom of complete A — block. 
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A frequency of over 60 is common, and cases with an action of 
over 100 (Schcrf) have been observed. Tlie frequency depends on 
tl;e situation of the idioventricular impulse centre. The higher it 
lies, the better developed is its automatism. In high-lying block 
with idioventricular impulse centre situated just distally to the 
block the rhythm is only 15 — 20 beats slower than the sinus rhythm 
(Schcrf), unless the same phenomenon which has caused the block 
has also injured the deeper-lying centres. 

In auricular flutter with complete A — Y block the electrocardio- 
gram shows in one or more leads, as a rule most plainly in leads II 
or III, regular F-waves with a frequency mostly ranging between 
200 and 350. If the F-waves are not distinct it may sometimes be 
useful to take precordial leads. Leading off is then best done with 2 
electrodes from the 2nd and 5th intercostal space respectively, just 
to the right of the sternum. The electrodes may be circular plate 
electrodes as is usual with precordial leads, or needle electrodes 
introduced into the subcutaneous tissue. In our Case 3, no distinct 
F-waves were seen in the leads from the extremities, while on the 
other hand they were distinct and regular in the precordial lead, thus 
showing an apparent fibrillation to be a flutter. Hie line of demar- 
cation between flutter and fibrillation must on the whole be said 
not to be sharp (cf. the term fibrillo-flutter), as indeed our Case 2 
indicates. Here it was not possible to demonstrate regular F-waves 
in all the cardiograms, so that it is a matter of opinion whether one 
prefers to regard it as a flutter or a fibrillation. 

Tlie ventricular complexes appear with a regular rhythm and 
without any fixed relation to the F-waves, in contrast with auricu- 
lar flutter with a high degree of incomplete A — V block (5: 1, 6: 1), 
where there is a fixed relation between the ventricular complexes 
and the preceding F-wave. As an example of 5: 1 A — Y block 
simulating complete A — V block may be mentioned the following 
case: 

A woman, aged 60 (J. 1206/57920). Admitted 6/12 — 39. As a child .she 
had chorea and three times rheumatic fever. Wlien about 50 years old she 
was three times treated in hospital for »rheumatism». 54 years old hospita- 
lised for a heart affection. On 15/5 — 39 admitted to the psychiatric depart- 
ment for depression, incipient senile dementia. Moved to dDc Gamles By». 
— Upon admission presented symptoms of moderately severe heart diseas. 
There Was some dyspnoea and cyanosis. Pulse about 70, somewhat arrhyth- 
mic. Peripheral arteries rigid. Blood pressure 170/110. Stethoscopy of 
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Fig. 6. 5:1 auriculo-vcntricular block. 


heart; Limits natural. Sounds hammering, pure. Action irregular no pulse 
deficit. X-ray of heart shows mitral configuration. No pulmonary stasis, 
enlargement of liver, ascites, edema, or albuminuria. Electrocardiogram 
8/12 — 39: Auricular flutter with varying block (2; 1, 4: 1). Auricular fre- 
quency 200. Ventricular frequency c. 60. — From 19/9 — 17/10 the patient 
was treated wdlh 2x10 eg. folii digitalis on account of edema. Electrocar- 
diogram 22/10 — 40 (Fig. 6): All leads showed regular, uniform F-Waves 
with a frequency of 195. Ventricular action regular, 39. The distance 
between the initial complexes and the nearest preceding F-wave was 
constant, and for each 5 F-waves there wss 1 ventricular complex. Hence 
it is a case of auricular flutter AVilh fixed block 5; 1. Simultaneously a' 
distinct influence of the digitalis AA'as seen on the ventricular complexes. 
After discontinuance of digitalis the electrocardiogram shoAA'ed in the 
main the same conditions as before (8/12). 

Epicrisis. A case of auricular flutter with irregular block (2; 1), 
(4: 1) in. a woman aged 60 with a rheumatic and hypertensive heart 
affection is treated Avith digitalis on account of insufficiency sym; 
ptoms. This causes bradycardia with a regular action of 40, which 
proves to be due to auricular flutter Avith a fixed block 5: 1. 

With complete block due to digitalis the ventricular action 
may be irregular on account of variations in tlie excitability of the 
idioventricular impulse centre. This is especially observed in auricu- 
lar fibrillation Avith complete A — block, as for instance in our 
Case 7. Irregularities of action may also be caused by the impulse 
shifting from one centre to another with the same or a sIoAver auto- 
matism. 

Tire initial complexes have the normal form and duration if the 


AURICULAU FLUTTER. AND AURICULAR FIBRILLATION ETC. 


519 


automatic impulse issues from a centre which lies directly below the 
block and above the bifurcation of the auriculo-ventricular bundle. 
If, on the other hand, it lies distally to the bifurcation the complexes 
will be wide and assume the appearance of ventricular extrasystoles 
and of intraventricular block. This is due to abnormal spreading 
and need not tlicrcfore be caused by myocardial injury. If, again, 
the ventricular complexes are changed after complete block is esta- 
blished as in Several of our cases, it must be supposed to be due to 
myocardial damage. 

Therap3^ — Gager recommends treatment of the spontaneous 
cases in which the block has succeeded a pre-existing auricular 
flutter with quinidine or digitalis, or perhaps both, in the hope 
of establishing sinus rhythm. If this proves successful there is 
a possibility that the complete block also will vanish, namely if 
it has in great part been functional. He himself describes a case in 
which this happened after treatment with quinidine, while digitalis 
was without effect. Partial block, however, remained. Jourdonais 
and Mosenthal obtained the same result, but in their patient the 
partial block was changed into a complete block while sinus rhythm 
persisted. 

Kerr and Bender point out one of the dangers of quinidine treat- 
ment. One of their patients with auricular fibrillation and com- 
plete A — Y block developed ventricular fibrillation during quinidine 
treatment. 

According to Wenckebach and Winterberg it is of no great 
clinical significance for the function of the heart that auricular 
flutter or fibrillation is complicated with a complete A — Y block, 
and the treatment should therefore be on the same lines as in un- 
complicated cases. Our patients have been treated on this principle. 

Perhaps it should be pointed out that the administration of 
digitalis to these patients is by no means counterindicated unless 
the complete block is due precisely to digitalis. In that case it will 
vanish when digitalis has been discontinued for some time. 


Summary. 

After reference to previously described cases of auricular flutter 
with complete A= — block three new cases are described, as also 4 
cases of auricular fibrillation with complete A — Y block. 
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TJie material comprises 4 men and 3 women, of ages ranging 
from 65 to 84 years. The etiology of the heart affection was in all 
cases coronary sclerosis or hypertension and in a single case perhaps 
also a rheumatic affection. In 2 cases the complete A— V block was 
due to digitalis; the remaining cases were spontaneous. Tlie time 
of survival was from 5 — ^26 months; 2 patients arc still alive. 

Tlie cases are as a rule diagnosed by electrocardiography. There 
is not always bradycardia. Tlie employment of leads with 2 elec- 
trodes from the precordium is mentioned. It is pointed out that 
there is no sharp line of demarcation between auricular flutter and 
auricular fibrillation. Mention is made of the differential diagnosis 
of auricular flutter with a high degree of A — Y block. 

The appearance of the initial complexes is discussed. An abnor- 
mal shape need not be due to a myocardial damage. 

Finally the therapy is discussed. 
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A Clinic-therapeutical Study. 
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It is an established fact that the nerve tissues can function only 
if amply supplied with carbohydrate, the reason for this being that 
carbohydrate metabolism is the chief source of energy of the nerve 
substance. An indiract proof of this is that unconsciousness brought 
on by hypoglycemia can be overcome immediately by the use of 
carbohydrates (Huszak). 

The importance of the metabolism of carbohydrate is closely 
connected with Bj vitamin research, especially since the discovery 
that the carbohydrates are consumed in the brain substance on the 
introduction of pyruvicacid (CH 3 • Co • COOH) but only in the pre- 
sence of Bj vitamin. Later it was shown tliat it is not the free form 
of vitamin B^ that acts as a catalyst, but the phosphorylated form, 
cocarboxylase (Lohmann-Schuster, 1937, Westerbrink — Goudsmit 
1938, Banga — Ochoa — ^Peters 1939), and that the living tissue is 
able to phosphorylate Bj vitamin (Ochoa — Peters). Banga, Ochoa 
and Peters proved this with regard to brain tissue (1939). Further- 
more it was found that for the intermediary metabolism of carbo- 
hydrate C 4 dicarboxylic acids are needed in addition to active 
Bj vitamin. (Szent-Gyorgyi et al, 1937). Such acids are succinate, 
fumarate and malate. 
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Thus Bi vitamin in itself does not affect the metabolism of car- 
bohydrate, since the presence of phosphorus, in particular adenosine- 
triphosphate, is necessary. On the other hand earlier observations 
showed that the phospliorylated vitamin penetrates the tissue 
only with difficulty and this therefore suggests that AvitamiuBj per- 
meates the tissue walls as such and is then phospliorylated within 
the cell» (Banga — Ochoa — Peters 1939). 

The above observations make it perfectly clear why pure B 
vitamin lias no favourable influence on the various degenerative 
nervous disorders (myelopathy, disseminated sclerosis, etc.). For 
obtain a beneficial effect the B vitamin must be made active Or phos- 
phorylated, and this rarely or never occurs in in the case of degene- 
rative nervous disease. Earlier successes prescribed to pure Bj 
vitamin were probably due to the fact that before, during, or after 
the Bj vitamin cure, liver extract was administered to the patients, 
mostly because of anaemia, and, as Teglbjaerg has shown, liver 
preparations contain phosphates, various enzymes and even 
. cocarboxylase. Thus the simultaneous administration of these 
preparations with B^ vitamin made the phosphorylation of the latter 
possible. 

Finally I should like to mention that Tauber’s experiments 
(1938) show' that healthy duodenal juice is also an important factor 
in the production of cocarboxylasc by the organism. Petri and his 
collaborators proved since 1930, by systematic experimental 
investigations that gastrectomy was followed by a very severe 
chronic illness characterized especially by nervous symptoms. So 
Norgaard (1939) demonstrated severe pathologic alterations in all 
parts of the nervous system of total gastrectomized young pigs. 
Furthermore Sinclaire wms able to demonstrate destruction of the 
vitamin wdien incubated in vitro with gastric or duodenal juice from 
patients with achlorhydria. Teglbjaerg (1939) proved the great 
importance of the healthy gastro-duodenal system by effecting 
cures in cases of severa pellagra and peripheral neuropathy with 
stomachic mucus-membrane extracts. Such preparations are: 
stomopson, mucotrat, ventraemon (Organon), ventrepar (Egger), 
perstomin (Richter), etc. 

It is possible that the use of the stomachic extracts introduces 
such substances into the organism as facilitate the transport form 
of vitamin Bj, which on the ground of Goodhart-Sinclair (1939) 
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experiments may take place in combination A\nth protein, • — or 
sucli enzjmies which enable tlie organism to use the phosphorus 
compounds for phosphorylation. 

It is obvious that the regular metabolism of carbohydrate de- 
pends on the presence and efficac}^ of various enzymes, and now 
Ochoa’s (1939) experiments seem to suggest that magnesium or 
manganese ions must be present in the enzyme system. 

In the following, I shall give an account of some therapeutic 
experiments where two substances, vitamin and adenosine- 
triphosphate were indispensable to the metabolism of the carbo- 
hydrate in the nerv-e substance. 

Of the 20 cases treated 7 were cases of ntyelopathy, 12 mul- 
tiple sclerosis (disseminated sclerosis) and one disseminated 
encephalom3’’clitis. 

Treatment in cver3>- case consisted of 20 — 25 injections of 
vitamin (10 mg vitaplex Bj, Chinoin) and the same number of 
adenosinctriphosphate injections (Atriphos, Magj'ar G3'’6gyszer 
Co. Ltd.) administered simultaneous^. For the first 8 — 10 da^^'s 
the injections were given dail}’’ and afterwards every second da3^ 
During the treatment, of course, no other medicine was given so 
that the effect might be obtained uninfluenced by other factors. 


Myelopathy. 

In the mj'elopathic (previously: mj^elosis) group I have included 
all degenerative spinal diseases which are restricted to the spinal 
white substance and which are not caused bj’’ inflammation. Fol- 
lowing the precedent of Davison-Keschner I have divided them into 
three sub-groups: 1. genuine or toxic, 2. vascular or circulatory, 
3. compressive m3’'elopath3^ (Sec T. Lehoczkj’’: Budapesti Orvosi 
Ujsag 1942 45, 46, and Fortschritte der Neurologic 1942. XIV. 
page 385). 

Of the seven cases in this group six were genuine or toxic, and 
one was a case of compression. 

1. Female, 53 years, fairly severs spastic-atactic paraparesis, 
slight segmental hj^paesthesia. After treatment: great improvement 
in gait both subjectively and objectively, hardly any ataxy, disap- 
pearance of right side Babinsld sign, great improvement in left leg 
36 — Ada mcd. scandinav. Vol. CXIV. 
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paresis. Slight Barre-sign,- which on admission was strongly posi- 
tive, left leg could be raised 90° as opposed to 30° before. 

2. Male, 49 years, fairly severe spastic paraparesis. After treat- 
ment moderate improvement in gait objectively and subjectively, 
patient able to raise legs and move toes on left foot, and to lift right 
leg to an angle of 90 degrees, all of which were previously impossible. 

3. Male, 42 years, mild spastic paraparesis. After treatment 
no traces of spasticity or right side Babinsld sign, patient subjecti- 
vely stronger. 

4. Male, 42 years, very severe spastic paraplegia, hypaesthesia 
from L 1 downwards. After treatment patient subjectively stron- 
ger, and able to move toes freely, which before treatment was im- 
possible. 

5. Male, 33 years, moderate atactic lorm, latent paresis. After 
treatment great improvement in ataxy, right side latent paresis 
disappeared (Barre sign negative). 

6. Female, 42 years, severe spastic paraplegia. After treatment 
patient was able to move feet, which before had been quite impos- 
sible. 

7. Female, 74 years, moderate spastic atactic form: distal hypaes- 
thesia affecting all four limbs. Condition unchanged after treat- 
ment. 

It can be seen that in 6 cases considerable improvement was 
obtained in ataxy, in the degree of paresis, while in two cases (1 & 3) 
cessation of the Babinski signs occured. All patients .felt stronger 
and there was an improved all-round feeling. The failure of the 
seventh case to respond to treatment was due to the fact that it 
was a case not of genuine but of compressive myelopathy. After 
seeing that no effect was obtained by the treatment I gave.an lipio- 
dol injection, which showd arrest at the level of the 3rd cervical ver- 
tebra. Of course, we cannot effect a cure in cases of myelopathy 
due to such origin. 

e 

Multiple sderosis (disseminated sclerosis.) 

First I should like to point out that the etiology of multiple 
sclerosis is still uncertain. As opposed to the earlier supporters of 
the infection theory, modern researchers, among them van Bogaert, 
Pette, attribute greater importance to neuro-allergy. In mj’’ opi- 
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nion tliis is immaterial in studying the therapeutic effect, as it does 
not affect the course of the cure, and also the essential of the disease 
in both the clinical and anatomical pictures is the degenerative 
component, which causes focal degeneration in the path system of 
the spinal white substance. 

1. Mild group: 4 cases. 

Characteristic of all cases in this group was the subjective feel- 
ing of tiredness, while individually, the subjective signs were girdle 
sensation and unsteady gait. The objective observations showed: 
ataxy, nystagmus, pathological reflexes, mild paresis, diplopia, tem- 
poral decoloration of the disc, etc. After treatment every patient 
felt stronger and the sense of tiredness had diminished. Objecti- 
vely the improvement was shown by a considerable decrease in 
ataxy in ever}’’ case, with cessation of paraesthesia, diplopia, inten- 
tion tremor and of Achilles clonus in the individual cases. 

2. Fairly severe group: 5 cases. 

Condition before treatment: high degree of ataxy, more or less 
developed spastic paraparesis, pathologicl reflexes, etc. After treat- 
ment: t\vo patients showed considerable improvement. In one of 
these ataxy and right sid Babinski sign completely disappeared, 
while in the otlier the spastic component of the gait vanished (pati- 
ent no longer tensed legs and shuffled when walking), the left side 
Barre-sign was negative, and the latent paresis vanished too. In 
the other cases the patients showed a decrease in the degree of ataxy, 
gait was more steady, and in one case I noticed cessation of right 
side facial paresis, 

3. Two severe and one very severe case. 

In the former two cases a slight improvement in the locomotor 
ataxy was noticed, and in one of them a subjective decrease in the 
spasticity. In the very severe case (spastic quadruplegia) we ob- 
served a decrease in the hand clonus which had caused the patient 
much suffering, and a subjective and objective increase in strength 
of the patient: On admittance patient had been unable to stand 
without support, but after treatment could do so. 
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Finally a few words about the one case of disseminated ence- 
phalomyelitis. Patient was a young girl of 18 years of age, and the 
illness was in the third year of its course. I included this patient in 
my experiments, because, the patient had, after the close of an 
unusually violent and spreading course of the disease, lapsed into 
a more or less stationary condition showing all the symptoms of 
multiple sclerosis; — nystagmus, intention tremor, marked loco- 
motor ataxy, spastic paraparesis, pathological reflexes (positive 
Babinski, — Oppenheim signs etc.) It is obvious that we are now 
dealing with the course of a degenerative spinal disease which was 
probably the continuation of an originally violent acute multiple 
sclerosis. It is well known that in a certain number of cases the bor- 
derline between the two diseases is uncertain. After treatment the 
subjective tiredness and the handparaesthesia had diminished, ob- 
jectively it was observed that among the patholgical reflexes the 
left side Oppenheim sign ceased, and the head tremor was reduced. 

Thus in the multiple sclerosis group all the patients reported 
themselves subjectively considerably stronger, and an improvement 
in gait and paraesthesia. This was borne out by objective obser- 
vation with a more or less marked improvement in ataxy. In sub- 
groups 2 & 3 there was a lessening in the spasticity, a decrease in 
some cases of the organic neurological signs (cessation of Achilles 
and hand clonus, diplopia, intention tremor, right side Babinski 
and left side Oppenheim signs in one or other of the cases). 

An important point is that 1 — 1 % years ago, I treated five of the 
patients (one mild case, 3 fairly severe and 1 severe) with nicotinic 
acid (Vitaplex N, Ch.), and after a certain time when the relapse 
occurred, I started the present system of treatment, obtaining 
thereby in general the same degree of success as was obtained in . he 
earlier treatment with nicotinic acid. Remembering that the disease 
is degenerative and progressive this fact in itself is an outstanding 
therapeutic success. Moreover, one of the patients suffering from 
ataxy who was unaffected by the nicotinic acid treatment, has 
sho^vn considerable improvement after the present treatment, 
while a second patient with spastic muscle tension after failure to 
respond to nicotinic acid now shows some improvement. 
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Summary. 

After having administered vitamin and adenosinetriphos- 
piiaLc togetlier, I observed that great improvement was obtained in 
two groups of degenerative diseases of the spinal cord; myelopathia 
and multiple sclerosis. The improvement was not only subjective 
patients felt stronger, gait was more steady, decrease in paraesthe- 
sia — but it also showed itself in the olijcctive neurological signs 
(ataxy, paresis, tremor), and even in the cessation of certain organic 
signs: for example in 3 cases the Babinski signs, in thre cases the 
Barre signs and in one case the Oppenheim sign ceased. 

The reliabilitj’’ of m}' results is increased b}'’ the fact that the 
patients were under treatment for only a relatively short time, in 
an average 4 weeks, tlius in judging the results the possibility of 
spontaneous remissions can practically be left out of account. A 
complete survey of tlie results of the treatment can be given only 
after more protracted and possibly repeated treatment, but on the 
basis of the present results it is clear that Bj vitamin and adenosine- 
triphosphate, two chemical substances indispensable to the 
carbohydrate metabolism in the nerve tissue, produce, when 
administered together, in cases of degenerative diseases of the spinal 
white substance, a marked improvement botli subjective, and objec- 
tive. 
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Rheumatic Invalids in Sweden. 
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< State pensions granted for reasons of permanent incapacity for 
work due to chronic articular rheumatism are enjoyed by a large 
number of persons in Sweden. At the present time it is not possible 
to obtain exact information as to the number of these invalids, but 
an approximate figure can be arrived at by means of certain ca,lcu- 
lations. 

In the year 1918 about 7.2 % of the accession of male pensioners 
and 10,3 % of the accession of female pensioners consisted of per- 
sons who had been pensioned as a result of incapacity for work due 
to rheumatic affections.^ In 1928 the corresponding percentages 
were 11.3 and 13,3 % respcctivcij'. " If it is assumed that both these 
investigations were carried out on identical principles, and further 
that the proportion of rheumatics among the pensioners increased 
fairly evenly from year to year, these figures can be employed for 
calculating the annual accession of pensioned rheumatics by app- 
lying these percentage figures to the available figures for the num- 
ber of fresh accessory pensions for the years 1918 — 1936. In this 
way we can probably calculate the number of pensioned rheumatics 

J Kahlmclcr, Acta Medica Scand. LIX, 1923. 

" 1928 Pensions Insurance Coramitlec; Government Off. Invesligaloin 
1930:15. 
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during the years 1918 — 1936 at approximately 46,000 men and 
63,000 women. If it is assumed that the average age of all the 
men pensioned for different reasons was 62— 64years at the time they 
were pensioned, and that of the women 61—63, an approximate 
calculation can then be made of the survivors at the end of 1942, 
presupposing a normal mortality within the population. The num- 
ber of survivors will be 31,000 men and 42,000 women, whicli implies 
that there are at the present time fully 70,000 pensioned rheumatics 
in the country. K we calculate with a mortality of twice the 
normal, which is hardly reasonable, we arrive at about 40,000 
survivors. 

Thus, the percentages given above for the accession of rheuma- 
tic pensioners during the years 1918 and 1928 — 7.2 and 10.3 % 
and 11.3 and 13.3 % respectively — might possibly indicate that 
the number of rheumatics among the pensioners increases year by 
year relatively to other pensioners. It is possible, but by no means 
certain, that this is Llie case. The difference between the figures 
may be conditioned, firstly, by the fact that the two investigations 
were conducted by different investigators, who had different possibili- 
ties of sifting the material diagnostically, and secondly — and 
particularly — by the fact that the 1928 investigation referred to 
material which was considerably larger and — tharilcs to the deve- 
lopment of nursing activities — »purer»> than the 1918 material. Tt 
will therefore probably be most correct for the present to assume 
that, on the whole, the proportion of rheumatics among the acces- 
sion of pensioners has remained constant since the 1928 investiga- 
tion. If this is the case, the number of pensioned rheumatics Avil! 
naturally be somewhat lower, viz. 41,000 men and 59,000 women. 
With normal mortality the number surviving would then be c. 
65,000, and with double the normal mortality c. 32,000 persons. 

If it is now assumed (which is not demonstrated, but quite plau- 
sible) that the mortality figure for rheumatic invalids is higher than 
for the normal population, wc reach the result that at the present 
time (1942) at least 50,000 persons receive premature pensions on 
account of rheumatic affections. 

That this theoretical figure must tally fairly well with the actual 
conditions is corroborated by calculations made in another way. In 
year 1936 a total of 400,000 persons received premature pensions 
on account of various diseases. If we assume that the proportion 
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of rheumatics among the pensioners has not changed to any degree 
worth mentioning since 1918 and 1928, and thus make, use of the 
average percentages for additional rheumatics for these years, wliich 
is 10.5 %, we reach the result that the aggregate of persons pensioned 
in 1936 owing to rlieumatic affections was 42,000. 

Thus it is probable that, at the present time (1942), between 
40,000 and 50,000 persons in Sweden receive premature pensions 
on the ground of rheumatic affections. 


The scope and technique of the investigation. 

Both from the social and medical points of view it must be 
of particular interest to arrive at a conception of the circum- 
stances of the rheumatic invalids in various respects. Arc these suf- 
ferers well looked after? Is everything possible done for their care? 
Are they all to be considered definitively disabled, or could some of 
them be helped to improved health liy means of the therapeutic 
measures which arc now available, and thereby be returned to 
productive work, at least be made to a certain degree self-suppor- 
ting? 

With the object of seeking answers to these questions, I liave 
made an investigation into the circumstances of a proportion 
of the Swedish rheumatic invalids, which has been possible 
thanlcs to the wcllordercd organization of the State Pensions 
Insurance. 

From the archives of the Pensions Board, where all papers con- 
cerning the prematurely pensioned are assembled, 1,100 documents 
referring to rheumatic invalids were taken at random. Only docu- 
ments relating to rheumatic invalids who had previously received 
treatment through the instrumentality of the Pensions Board were 
available. Those suffering from rheumatism, who proved to be already 
so severely disabled when they applied for pensions that hospital 
treatment could not reasonably be expected to improve their con- 
dition to any extent worth mentioning, were pensioned without first 
being recommended for treatment. It has not been possible to cal- 
culate the number of these latter invalids. It might of course have 
been of interest to investigate also the circumstances of this cate- 
gory of rheumatic invalids, which possibly comprises the most 
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severely disabled. This cannot be done, however, without a detailed 
examination of the documents dealing with all persons pensioned for 
all possible reasons, which is in practice impossible. 

The available investigation material was first carefully examined 
and worked up. Then a questionnaire concerning the pensioners, 
formulated as shown below, was sent out to the Chairmen of the 
Municipal Pensions Boards, who then got into contact with the inva- 
lids in question, so that they were able to supplement their previous 
personal knowledge of them by maldng themselves acquainted Avith 
their condition and circumstances at the time. A record of the 
answers to the questions was then made, and the questionnaire 
returned to the investigator. Of the 1,100 questionnaires sent out, " 
considerably over 1,000 were returned conscientiously filled in. The 
cases which were then worked up were those of the 1,008 whose 
questionnaires had been returned fully filled in when the investiga- 
tion was set on foot in June 1942. 

■ All the information collected in this way, both from the Pensions 
Board and the local Pensions Committees, was then worked up 
statistically. 

Tlie following was the questionnaire sent out: 

1) Present postal address: 

2) a) Has the invalid his (her) own dwelling? 

b) Is he (she) living with others? 

c) Has he (she) a separate room or do several live together? 

d) Is the house satisfactory (damp, draughty, dark)? 

3) a) Is the invalid in a home for chronic invalids? 

b) If so, since when? 

4) a) Is the invalid lying in bed on account of the articular 

affection? 

b) If so, since when? 

5) Can the invalid, in spite of the articular affection: 

a) Manage entirely alone? 

b) Eat without help? 

. c) Dress without assistance? 

d) Walk without assistance? 

6) If the invalid is not in an institution but requires daily help, 

what help is available? 



RHEUMATIC INVALIDS IN SWEDEN. 


533 


7) a) Can the invalid perform any work? 

b) Can he (she) keep' the room in order? 

c) Can he (she) prepare his (licr) own food? 

d) Can he (she) do any remunerative work? 

e) If so, what? 

8) a) What is his (her) annual income, apart from the pension? 

b) 'Municipal relief? 

9) Docs the invalid suffer from any severe illness other than the 

■ rheumatism? 

10) Can. the invalid Im considered to be well looked after? 

If this is not the case, in what respect would a change be 

desirable? 

The working up of the material. 

The investigation material thus covers 1,008 persons pensioned 
owiiiG to chronic articular rheumatism and was taken at random 
from the arcliives of the Pensions Board. 

By far the greater proportion of the pensioners belong to the 
groups emploj'ed in manual labour. 

Distribution by sex. 

384, or 38 %, were men and 624, or 62 % women (table 1). The 
considerable preponderance of women is due in the first place to the 
fact that AYomen are more often affected by chronic polyarthritis 
than men. In an investigation of 975 cases of chronic articular rheu- 
matism from the Royal Pensions Board’s material, Kahlmeter^ (1927) 
found that 41 % Avere men and 59 % women. In Denmark Nyfcldt^ 
(1942) found that, of those who were attacked by chronic polyar- 
thritis, 75 % were women and 25 % men. Similar figures have been 
given from English quarters. DaAvson® states that in U. S. A. chronic 
progressive »rheumatoid arthritis)) is met with three limes as often 
in women as in men. German authors in general appear also to have 
found a preponderance for women, although a less pronounced one. 
It is thus clear that chronic polyarthritis more often afflicts women 
than men. 

In the present investigation material are included the cases of 
deformative arthritis which led to premature pensioning. As this 
form of chronic articular disease is considered to occur approxima- 


^ Hygiea, Bcl 89 (1927). 

= Ugeskr. Lrcg. Bd. 94 (1932). 
s Nelson Loose Leaf Medicine, Bd .1. 
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tely equally often in men as in women, tliis naturally has a levelling 
effect on the percentages for the two sexes. If this it taken into 
consideration, the percentile distribution by sex in the investiga- 
tion tallies fairly well with the morbidity figures for the respective 
sexes. It can therefore be established that men and women are 
disabled to approximately the same extent when they develop 
chronic articular rheumatism. 

Table 1. 


A distribution of the material according to sex, age and civil status. 


Age at time 



Civil ! 

status 



of investiga- 
tion 

single 

^ marric.l 

1 rvi dower 
j or widow 

divorced 

unknown 

1 Total 

15—19 

2 


Men; 



2 

20—24 

7 

— 

— 

— 

— 

■ 7 

25—29 

21 

2 

— 

— 

• 1 

24 

30—34 

25 


— 

1 

2 

31 

35—39 

26 

21 

1 

! 

1 

49 

40—44 

26 

43 

1 

— 

2 

72 

45—49 

30 

65 

3 

3 

1 

102 

50—54 

17 

68 

3 

— 

4 

92 

55 — 59 

— 

4 

— 

— 

i 

4 

60—64 

1 ~ 

1 

— 

— . 

— 

1 

Total 

154 

208 

8 

3 

11 

384 

/o 

40.1 

54.2 

1 2.1 

0.8 

2.9 

100 

15—19 

4 


Vonien: 



4 

20—24 

19 

■ — 

— 

— 

2 

21 

25—29 

41 


1 — 

— 

1 

43 

30—34 

49 

6 

i 

— 

2 1 

57 

35—39 

57 

24 

! 1 

- 

o 1 

O 1 

85 

40—44 

51 

23 

8 

4 

2 

88 

45—49 

62 

60 

11 

4 

6 

143 

50—54 

53 

89 

19 

6 

10 

177 

55—59 

1 

2 

— 

— 

2 

5 

60-64 

— 

1 

— 

— 

— . 

1 


1 

Total 

1 

337 

206 

39 i 

14 

28 

/o 

•Sl.O 

33 a 

6.2 

2.2 

4.5 
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Cwil status. 

As regards civil status, it is found (talkie 1) that, of the men, 
a somewhat larger number were married tlian unmarried, and that 
the opposite was tlie case for the women, so tliat tlicre were con- 
siderably more unmarried women than married. Tliis circum- 
stance may conceivably be connected with the fact that the unmar- 
ried women are compelled to a greater extent than the married ones 
to seek financial assistance in the form of pensions. If a married 
woman is disabled, the home can often be kept going with the help 
of the children and husband. On the other hand if a married man is 
disabled, the family probably has no possibility of subsistence, 
and the husband is therefore compelled to. apply for a 
pension. 


Age distribution. 

If the investigation material is scrutinized in respect of age, it 
is found (table 1) that at the time of the investigation the majority 
of the men were between 35-^54 years of age, and the majority of the 
women betsveen 25 — 54. This might indicate that women are 
affected and disabled by chronic articular iheumatism earlier 
than men. Only a few are pensioned before the age of 25. This 
will probably be due partly to the fact that »infcction arthritiso 
is most usual between the ages of 20 — 40, and partly to the fact 
that the younger age classes are better taken care of by their fami- 
lies, and that in spite of their incapacity for work, they arc provided 
for by the family in the hope that the illness will be temporary. 
The low figures after the age of 54 arc fully explained by the fact 
that, as has been explained above, the investigation only comprises 
the invalids who, once or oftener, had received medical and nursing 
care through the agency of the Pensions Board, and that generally 
such medical care, for insurance-technical reasons, is not given to 
invalids who have reached the age of 55. Thus the sufferers from 
chronic polyarthritis who became affected at the age of 54 or later, 
and who were incapacitated and granted pensions, are not included- 
in the investigation material, and it has not lieen possible to inves- 
tigate the circumstances of these invalids more closely. 



536 FREDRIK SUNDELIN. 

The degree of disablement. 

For purposes of working up the material, the pensioners have 
been divided into three groups as regards the degree of disablement. 
It has been possible to do this, firstly with the help of the doctor’s 
expression of opinion accompanying the application for a pension, 
and secondly with the support of the careful expression of opinion 
from the 'doctor which was issued after the treatment which the 
pensioner had previously received at the various hospitals of the 
Pensions Board. -In group 1, the least disabled, have been included 
such cases as only had joints attacked by the disease now and again 
and relatively low S. R. In group 2, the moderately incapacitated, 
are included cases in which several joints were attacked. In group 3 
have been collected the cases which were extremely disabled, with 
symptoms from the majority of joints, and usually with a deterio- 
rated general condition. 


Table 2. 

The degree of disablement af different ages. 


Age at 
time of 
investiga- 
tion 

Total 
number 
= N 

of which in disablement degree 

1 



number 

% of N 

number 

% of N 

number 

% of N 




Men; 




q>—30 

33 

10 

30.3±8.0 

12 

36.4±8.4 

11 

33.3±8.2 

30—35 

31 

5 

16.1±6.6 

17 

54.8±8.9 

• 9 

29.0±8.2 

35—40 

49 

6 

12.2±4.7 

25 

51.0±7.1 

18 

36.7±6.9 

40—45 

72 

8 

11.1 ±3.7 

38 

52.8 ±5.9 

26 

36.1±5.7 

45—50 

102 

16 

15.7±3.6 

48 

47.1 ±4.9 

. 38 

37.3±4.8 

50— ro 

97 

14 

14.4±3.6 

42 

43.3±5.0 

41 

42.3±5.0 

Total 

384 

59 

15.4±1.8 

182 

47.4±2.5 

143 

37.2±2.5 




Women: 




<p— 30 

68 

6 

S.S±3.4 

26 

38.2±5.9 

36 

52.9±6.1 

30—35 

57 

9 

15.8±4.8 

18 

31.6±6.2 

30 

52.6±6.6 

35—40 

85 

15 

17.6±4.1 

33 

38.8±5.3 

37 

43.5±5.4 

40—45 

88 

11 

12.5±3.5 

40 

45.5±5.3 

37' 

42.1-b5-3 

45—50 

143 

24 

16.8±3.1 

42 

29.4±3.8 

77 

53.9±4.2 

50—® 

183 

26 

14.2±2.6 

68 

37.2±3.6 

89 

48.6±3.7 

Total 

624 

9l' 

14.6±1.4 

227 

36.4 ±1.9 

306 

49.0±2.0 
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If a comparison is made of the proportion of the two sexes with 
a particular degree of disablement, it is found (table 2) that 
approximately equal numbers come under disablement degree 1, with 
about 15 % for each sex. On the other hand, degree 2 is more nume- 
rously represented among the men than among the women, with 
47.4 and 36.4 % respectively (the difference is 11.0 ±3.0). If the 
material is analysed more closely with the object of investigating 
whether any special age-group is responsible for this difference, it 
is found that this is not the case. Degree 2 is more numerously 
represented in men in all the age groups, except in the lowest (30 
years). From what has been said, it follows that degree 3 shows 
inverse conditions if a comparison is made between the sexes. The 
percentage figures for degree 3 are 37.2 % for men and 49.0 % for 
women. Tims it would seem as though the severest degree of 
disablement is more often met with in women than in men. If an 
explanation of this is sought, the circumstance mentioned above, 
that in general the disablement begins earlier in women than in 
men, may be indicated. Consequently the duration of the illness is 
also longer, and the probability of severer disablement is increased. 
This circumstance may also be partly explained by tlie different 
modes of reaction as between the sexes. Women are more frequent- 

Table 3. 


Degree of disablement and civil status. 


Civil 

status 

Total 


of wliich 

in degree of disablement 

number 
= N 

iHII 

jmii 


2 


3 



number 



% of N 

number 

% of N 

Married .... 

208 

30 

Men: 

14.4 ±2.4 

95 

45.7±3.5 

83 

39.9 ±3.4 

Unmarried 
Widowers and 
Divorced .... 

165 

27 

1G.4±2.9 

81 

49.1 ±3.9 

57 

34.5±3.7 

Married .... 

206 

31 

Women; 

15.0±2.6 

66 

32.0±3.3 

109 

52.9±3.5 

Unmarried 
Widows and 
Divorced .... 

390 

54 

13.8±1.7 

148 

37.9±2.5 

188 

48.2±2.5 
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ly affected by tbe disease than men, and therefore it is possible 
that, on an average; women also suffer from severer forms, which 
lead to a greater degree of disablement. 

The degree of disablement docs not appear to show any marked 
connection wdth the civil status (table 3). On the whole, both the 
married and the unmarried pensioners are equally distributed over 
the different degrees of disablement. 

A survey of the material on the basis of the age at the time of 
the last treatment, in combination with the degree of disablement 
(table 4) shows that, on the whole, the distribution within the diffe- 
rent degrees of disablement is similar within the different age groups. 
An inconsiderable tendeney towards an increase in the average age 
can be discerned, however, in both men and women. Thus in the 
degree of disablement 1 the average age of men at the time of the 
last treatment was 37 years, and in degree 3 it was 39.5 years. In 
the case of women the corresponding age figures are 38 and 39 
years. 

Table 4. 


Age at last period of treatment in the different degrees of disablement. 



degree of disablement 

1 

2 

3 

1—3 


Men; 




lower quartile 

27.0 

31.3 

32.7 

31.8 

median quartile 

37.2 

38.3 

39.5 

38.5 

upper quartile 

<13.0 

43.6 

44.6 

43.8 


■Women; 




lower quartile 

31.1 

30.1 

29.5 

30.2 

median quartile 

38.3 

37.7 

39.0 

38.5 

upper quartile 

43.5 

42.7 

44.0 

43.4 


It is of interest to examine whether’ the degree of disablement 
shows any connection with the interval which had elapsed between 
the date of the last institutional treatment reported and the date 
of the investigation (table 5). 

If, to begin ■with, the whole material (younger 4- older) is 
examined, the figures for both men and women show that in general 
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Table 5. 

The distribution of the material over the degrees of disablement in combina- 
tion with the interval between the last period of treatment and the 

investigation. 


Interval bet- 
ween the last 
period of 
tre.atment 
and the in- 

Total 
number 
= N 


of which 

in degree of disablement 



1 


2 


3 

vestigation, 

years 


number 

% of N 

number 

% of N 

number 

% of N 




Men: 




younger; 








2—6 

103 

IS 

1 7.5d:3.7 

46 

44.7±4.9 

39 

37.9±4.S 

7— ta 

82 

11 

13.4±3.8 

46 

56.1±5.5 

25 

30.5±5.1 

elder: 








2—6 

114 

11 

9.6±2.8 

51 

44.7 ±4.7 

52 

45.6 ±4.7 

7 — 0) 

84 

19 

22.6±4.e 

38 

45.2±5.4 

27 

32.1±5.1 

younger -t- 
oldcr; 








2— G 

217 

29 

13.4 ±2.3 

97 

44.7±3.4 

91 

41.9±3.3 

7 — (0 

166 

30 

18.1 ±3.f 

tVomen: 

84 

50.G±3.9 

52 

31.3±3.6 

younger; 








2—6 

167 

24 

14.4 ±2.7 

60 

35.9±3.7 

83 

49.7±3.9 

1—co 

131 

17 

13.0±2.9 

57 

43.5±4.3 

57 

43.5±4.3 

older: 








2—6 

167 

24- 

14,4±2.7 

39 

23.4±3.3 

104 

62.3±3.8 

7-« 

158 

24 

15.2 ±2.9 

71 

44.9±4.0 

63 

39.9±3.9 

younger -f 

older: 








2— G 

334 

48 

14.4±1.9 

99 

29.G±2.5 

187 

5G.0±2.7 

7 — CO 

289 

41 

14.2±2.1 

128 

44.3±2.9 

120 

41.5±2.9 


the shorter the time between tlie last treatment and the investisa- 
tion the more severe was the disablement. This appears particu- 
larly clearly in the case of women. Among those who had been last 
treated 6 years before, at the most 56.0 % exhibit degree 3, as 
against 41.5 % among those who had been in receipt of treatment 
a longer time before (at least 7 years), the difference is 14.5 ±4 
3G — Ada med. scandinav. Vol. CXIV. 
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Tabic 6. 

Tlie interval (years) between tljc last period of treatment and tbc date of 

pensioning. 



degree of disablcmcnl 

1 

2 

3 

1—3 


Men: • 




lower qunrlilc 

1.1 

O.G 

0.5 

0.6 

mcdi.aii qiiarlile 

2.2 

1.3 

1.1 

1.3 

upper quarUle 

3.7 

2.6 

2.0 

2.4 


Women: 




lower quarUlc 

1.1 

1.0 

0.7 

0.9 

median qiiarlile 

2.3 

2.0 

1.4 

1.7 

upper quarlilc 

4.3 

3.5 

2.6 

3.2 


and is thus statistically verified. Tiie material is divided into »older» 
and »youngcr» pensioners. Tlie border-line was drawn at 45 years. 
In this distribution of the material also the circumstance just 
mentioned holds good, i. e. a greater degree of disablement with a 
sliorter period bet-ween the last treatment and the investigation 
date. The same applies to the men also. Tliis is connected with 
the fact that treatment at the Pensions Board’s hospital is as a rule 
only given to such coses as may be thought to be so amenable to 
treatment that they might conceivably be capable of work again 
wdthin a reasonable time. If a case has not improved after one or 
several periods of treatment to the extent that there is justification 
for a real hope of a recovery of the capacity for work, no further 
treatment is allowed, which then usually results in the invalid app- 
lying for a pension witliin a short time. This appears from table 6, 
which shows that the severer the degree of disablement, the sooner 
the patients are pensioned. The average period for men of degree 
1 was a full two years, on the other hand for degree 3 only about 
half as long. For women the figures are about the same. 

Thus, since, in the great majorilj'’ of cases, pensions will prob- 
ably be obtained fairly soon after the last period of treatment, it 
may be expected a priori that an investigation of the connection 
between the degree of disablement and the period between the date 
of the pensioning and the date of tlie investigation will show the same 
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Table 7. 


The distribution of the material over the degrees of disablement in 
combination with the interval between the date of pensioning and the 

investigation. 


Interval 
between the 

Total 
number 
= N 


of which 

in degree of disablement 

date of 
pensioning 

lull 

nuiB 


2 


3 

and the 
investigation 


% of N 

number 

% of N 

number 

% of N 

under 5 years 

238 

41 

Men 

17. 2 ±2.4 

106 

44.5 ±3.2 

91 

38.2±3.2 

5 years and 

over 

146 

■18 

12.3±2.7 

76 

52.1 ±4.1 

52 

35.6 ±4.0 

under 5 years 

406 

73 

Wome 

1S.0±1.9 

n; 

136 

33.5±2.3 

197 

4S.5±2.5 

a years and 

over 

218 

IS 

8.3±1.9 

91 

11.7±3.3 

109 

50.0±3.4 


result, and this is actually the case (tables 7 and 8). Both tables 
show tliat in general the pension was gi*anted earlier for persons 
coining under degree 3. A slight levelling out between the figures 
can be discerned, however, which is naturally explained by the fact 
that a certain time always elapses between the last treatment and 
the granting of the pension. 


Table 8. 


The interval in years between the dale of pensioning and the investigation 
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Condition. 

It is naturally of great interest, from both tlie medical and the 
social points of \dcw, to try to arrive at a conception of the general 
condition of the rheumatic invalids. The question of the care and 
treatment of thepensionersis intimately connected with this question. 

In the investigation the condition of the pensioners were grouped 
in 4 degrees, as is seen clearly from table 9. If the group of inva- 
lids who can manage for themselves entirely is examined first, it is 
found, on making a comparison between all the men and all the 
women, that the men are able to manage for themselves to a con- 
siderably greater extent than arc the women. The percentage figure 
for men is 58.8 ± 2.5 %, and for women only 39.8 ± 2.0 %. As is 
seen, the difference is statistically verified. 


Table 9. 

The condUion in diffcrcnl degrees of disablemenl. 




Manages 

.Manages 

Cannot 

Manages 


111 

disablemenl 

entirely 

alone 

partly 

alone 

manage 
at .all 

alone at 
times 

Total 




Men: 





number 

•13 

5 

3 

7 

58 

1 % 

7-1.1 

S.G 

5.2 

12.1 

100.0 

■ 

number 

117 

39 

IG 

9 

181 

1 ^0 

f)-l.G 

21.5 

8.8 

5.0 ■ 

100.0 

3. ■ 

number 

03 

31 

23 

23 

140 

0/ ... 


•15.0 

22.1 

16.4 

1G.4 

100.0 

1.-3. . 

number 

223 

75 

•12 

39 

3791 

o/ 

L 

.78.8 

19.8 

11.1 

10.3 





Women: 





number 

55 

20 

3 

13 

91 

1 % 

GO.-l 

22.0 

3.3 

14.3 


f number 

1 % 

111 

57 

29 

30 

227 

-18.9 

25.1 

12.8 

13.2 


3. . 

number 

81 

101 

75 

46 

303 

1 % 

20.7 

33.3 

24.8 

15.2 

100.0 

’-3- ] 

number 

% 

217 

39.8 

178 

28.7 

m 

89 

14.3 

C21 1 

100.0 


1 For 5 men and 3 women no information as to condition. 
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If the percentage figures for those who cannot manage for them- 
selves at all are then examined, the conditions are natural!}^ found 
to be the reverse. Tims, in this case the women are preponderant 
with 17.2±1.5 %, as against 11.1 ±1.6 % for the men. 

The chief reason why the men were able to manage for them- 
selves after being pensioned to a greater extent than the women is 
natuially that, even with fairly moderate disablement, men are 
compelled to give up their work, usually heavy, after which they 
appl}^ for pensions. The women, who are less frequently breadwin- 
ners, evidently try as long as possible to perform their lighter house- 
work to the best of their ability, in spite of increasing disablement. 
Not until they are no longer capable of doing any useful work 
worth mentioning in the home do they apply for pensions. 
When these are obtained, the women are therefore probably in 
a considerably worse eondition than are the men. Another im-- 
portant reason why the pensioned women arc more disabled than 
the men is the circumstance pointed out al)ove, that chronic poly- 
arthritis in women often runs a more rapid and a severer course 
than in men. 


Table 10. 


The proport-ion of rheumatic invalids who require daily help. 




Number wlio are helped 

Degree of 
disablement 

number 
= N 

abs, no. 

= n 

% of N 

of which helped by a 
relative 





abs. ant. 

% of n 



Men 




1 

59 

15 

25.4 

12 

80.0 

2 

182 

55 

30.2 

45 

81.8 

3 

143 

64 

44.8 

61 

95.3 

1—3 

384 

134 

34.9 

118 

88.1 



Women: 



1 

91 

32 

35.2 

29 

90.6 

2 

227 

98 

43.2 

85 

86.7 

3 

306 

167 

54.6 

151 

90.4 

1—3 

624 

297 

47.6 

265 

89.2 
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In the matter of the condition of tlie pensioners, too, the inves- 
tigation material has been divided into older and younger persons. 
If the analysis of the material is also extended to cover these 
groups, it is found that age does not play any considerable role. On 
the whole the percentile distribution over the different condition 
groups is the same whether the material comprises older or younger 
persons. It is natural that the capacity to manage entirely without 
help decreases with an increasing degree of disablement. This cir- 
cumstance appears clearly from table 9. 

Further light is thrown upon the condition of the pensioners, if 
an investigation is made of the extent to which they require daily 
help. It appears from table 10 that fully one-third of the men 
(35 %) and nearly half of the women (48 %) require constant per- 
sonal assistance. The difference (13 ± 3.1 %) is statistically verified. 
As might be expected, the percentage increases with the degree 
of disablement. For degree 1 the figures 25 % for men and 35 % 
for women are obtained, for degree 3 45 % for men and 55 % for 
women. 

In the great majority of cases (about 90 %) it is a relative of 
the invalid who has to give assistance. The figure is the same for 
men and women. 

Nor in this respect arc any essential differences shown between 
the younger and older groups of the material. 


Capacity for work. 

With the condition of the pensioners is naturally connected 
their greater or lesser capability of work. With the object of gain- 
ing an idea of this, the investigation material was worked up in such 
a manner that the pensioners who could perform real work were 
assembled in one group, those who could only take part in the 
housework, and who thus needed other help for the management 
of the home in another group; and those who could not do any 
work at all in a third. From this last group was divided off, further, 
the small number of pensioners who were in a hospital or institution. 

The percentile distribution over the different kinds of work 
capacity is shown in table 11. If, with the help of this table, a com- 
parative examination is made of the capacity for work as between 
the sexes, great care must be taken for the work performed by men 
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Table 11. 

The distribution of tlie material according to the capability for work. 






Light 


In 


Age group and degree of 

Work 1 

work 

No 

hospital 

Total 

disablement 


in the 

work 

or a home 





home 


for invalids 



/ 

" number 

90 

14 

05 

15 

184 

Younger men 1- 

1 

o/ 

L '0 

48.9 

7.G 

, 35.3 

8.2 

100.0 ' 


1 

; number 

95 

7 

88 

9 

199 

Older men 1 — 3 

1 

1 % 

47.8 

3.5 

44.2 

4.5 

100.0 


( number 

39 

3 

13 

i 

59 

Total of men 1 

9 

1 

1 % 

6G.1 

5.1 

. 22.0 

G.8 

100.0 

>) » 1' 2 

I 

f number 

98 

11 

G1 

11 

181 

1 

1 Of 

1 /o 

54.1 

G.l 

33.7 

G.l 

100.0 

» t> ■!< 3 

1 

f number 

48 


79 

9 

143 

1 

1 0/ 

L ^0 

33.G 

4.9 

55.2 

6.3 

100.0 

» ft )' 1 - 


f number 

185 

21 

153 

24 

383 

1 

1 or 

L /o 

j 

48.3 

j 

5.5 

39.9 

6.3 

100.0 


I 

f number 

110 

G5 

99 

22 

296 

Younger women 

1-3 j 

L /o 

37.2 

22.0 

33.4 

7.4 

100.0 


1 

f number 

95 1 

123 

82 

25 

325 

Older women 1- 

1 

1 O'" 

t /o 

29.2 

37.9 

25.2 

7.7 

100.0 



r number 

39 

37 

12 

3 

91 

Tolal of women 

1 j 

1 % 

42.8 

40.7 

13.2 

3.3 

100.0 


2 

f miml)cr 

87 

G7 

56 

17 

227 

ft ft ft 

1 % 

38.2 

29.5 

24.7 

7.5 

100.0 

ft » ft 

o J 

f number 

79 

84 

113 

27 

303 

3 1 

1 % 

2G.0 

27.7 

37.3 

8.9 

100.0 

ft ft ft 

1-3 j 

\ number 

205 

188 

181 

47 

621 

1 % 

33.0 

30.3 

29.1 

7.G 

100.0 


and women usually differs in nature. If among working women are 
included also women who manage a home without help, as they 
indisputably must be, it is found that one-third of the women can 
be placed in this category. As regards the men, it proves that 
nearly half of them perform some kind of work. Light work in the 

1 In the case of women, those who manage the home without help have 
also been placed in this group. 
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home is performed to a considerably greater extent by the women 
. (30 %) than l)y the men (5 %), as might have been anticipated. If 
the two categories are combined, the result is obtained that a 
somewhat larger proportion of the women do more or less , work 
Cc. 63 %) in comparison with the men (c. 54 %). 

In the case of the men, it can be established that there is no 
considerable difference bet-sveen younger and older men. It appears 
clearly from the table, however, that the capacity for work decreases 
w4th an increasing degree of disablement. In degree 1 twice the num- 
ber of men wmrk, as compared with degree 3 (66 and 34 % respect- 
ively). 

Among the women, work or light household work appears to be 
performed to a somewdiat greater extent among the older ones than 
among the younger. It \vas stated that 83 % of the w'omen had 
wmrk or performed light housew'ork in degree 1, and 54 % in 
degree 3. 

Of the men, 24 (6.3 %) and of the women, 47 (7.6 %) were re- 
ceiving permanent care in homes for invalids or institutions (table 
11). Tlie men ■were distributed fairly evenly over homes for chronic 

Table 12. 


Percentile proportion of rheumatic pensioners with incomes from their own 
work only, apart from the pension. 


Degree of 
disablement 

Total number > 
= N 

of which with incomes from their 
own work 

number 

% of N 


Men: 


1 

50 

24 

48.0±7.1 

2 

144 

56 

38.9±4.1 

3 

109 

31 

28.4±4.3 

1—3 

303 

111 

36.6±2.8 


Women: 


1 

39 

2 

5.1 

2 

101 

8 

7.9 ±2.7 

3 

123 

7 

5.7±2.1 


263 

17 

6 . 5 ± 1.5 


^ No particulars given for men in SI cases and for women in 361 cases. 










548 


FREDRIK SUNDEUN 


Table 13. 


The distribution of the material according to housing conditions. 


Age group and degree of 
disablement 

Live wilh 
family or 
parents 

II relation 

brother or 
sister or neai 

II Live wilh 

Live with 
some otJicr 
person 

Live alone 

Unknown 

Total 

f number 

116 


•18 


7 

24 

20 

185 

Younger men 1 — 3 i 

t /o 

G2.7 


9.7 


3.8 

13.0 

10.8 

100.0 

f number 

137 


13 


5 

25 

19 

199 

Older men 1 — 3 s 

1 ^ 

68.8 


6.5 


2.5 

12.6 

9.5 

100.0 

f number 

40 


4 


2 

8 

5 

59 

Total of men 1 o/ 









1 7o 

67.8 


6.8 


3.4 

13.6 

8.5 

100.0 

( number 

115 


18 


6 

23 

20 

182 . 

... 2 1 

63.2 


9.9 


3.3 

12.6 

11.0 

100.0 

f number 

98 


9 


4 

18 

14 

143 

... 3 1 

GS.5 


6.3 


2.8 

12.6 

9.8 

100.0 

f number 

253 


31 


12 

49 

39 

384 

, . . . 1-3 1 

65.9 


8.1 


3.1 

12.8 

10.2 

100.0 

( number 

202 


35 


8 

32 

21 

298 

Younger AYomcn 1 — ^ 

67.8 


11.7 


2.7 

10.7 

7.0 

100.0 

f number 

157 


69 


10 

61 

29 

326 

Older women 1 — 3 y ^ 

48.2 


21.2 


3.1 

18.7 

8.9 

100.0 

{ number 

52 


13 


2 

19 

4 

90 

Total of women Is ^ 

57.8 


14.4 


2.2 

21.1 

4.4 

100.0 

f number 

132 


38 


8 

34 

15 

227 

. . . 2 1 

58.2 


16.7 


3.5 

15.0 

6.6 

100.0 

f number 

175 


53 


8 

40 

31 

307 

» » » 1 % 

57.0 


17.3 


2.6 

13.0 

10.1 

100.0 

r number 

359 


104 


18 

93 

50 

624 

,> » » 1-3^ 

57.5 


16.7 


2.9 

14.9 

8.0 

100.0 


live alone. Table 14 was compiled to elucidate this point. It 
proved, however, that on the whole those living alone were distri- 
buted over the different degrees of disablement similarly to those 
not living alone. This is true of both men and women. The majority 
of the pensioners naturally do not live alone, only about one-sixth 
of both women and men doing so. But, remarkably enough, ampng 
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Table 14. 


The degree of disablement in pensioners living alone and not living alone. 



those living alone the severest degree of disablement is met with to 
approximately the same extent as among those not living alone. 
Among the men, the proportion with degree 3 is fully one-third, and 


Table 15. 

The quality of the accommodation. i 


Group 


Own 

home 

Shared 
home 
or lodger 

Total 

of which 
with poor 
accom- 
modation 

Younger men | 

number 

113 

52 


19 

. % 

68.5 

31.5±3.6 

100.0 

11.5±2.5 

Older men | 

number 

165 

24 

189 

22 

/o 

87.3 

12.7±2.4 

100.0 

I1.0±2.3 

Total of men | 

' number 

278 

76 • 


41 

1 0/ ! 

78.5 

j 

2].5±2.2 


11.6±1.7 

Younger women .... | 

r number 

128 

143 

1 

271 

27 

1 % 

47.2 

52.8±3.0 

100.0 

10.0±1.8 

Older women | 

f number 

215 

77 

292 

47 

1 % 

73.6 

26.4 ±2.6 

100.0 

16.1±2.2 

Total of women .... | 

f number 

343 

220 

563 

• 74 

1 % 

60.9 

39.1±2.1 

100.0 

13.1±1.4 


1 24 men and 47 women who are cared for in institutions are not included in 
the table. Further, no particulars as to the quality of the accommodation were 
returned in the cases of 6 men and 14 women. 
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among the women nearly one-half However, the material is 
too limited to permit of a more detailed statistical analysis in 
this respect. 

About 21 % of the men and 39 % of the women have not homes 
of their own. If the older and younger are compared, it is found that 
the figure is twice as high among the younger irt the case of both men 
and women (table 15). 

The quality of the accommodation has been classified as spooro 
for 11 % of the men’s and 13 % of the women’s dwellings (table 15) 
There is reason to assume that the appraisement of tlie quality of 
the home was tolerant throughout, and therefore the figures given 
must be considered minimum figures. There is no tangible differ- 
ence in the matter of the quality of the homes as between those of 
the older and younger men. On the other hand it appears from the 
table that among the older women there was a tendency to live in 
poorer homes than among the younger. No difference as regards 
the qualit}'" of the homes can be established within the different 
degrees of disablement. 


Table 16. 


Percentile number of rheumatic pensioners who were slated to be' badly 

looked after. ^ 


Degree of 

Total number 

of whom badly looked after 

disablement 

= N 

number 

% of N 


Men: 


1 

54 

2 

3.7±2.6 

2 

171 

9 

5.3±1.7 

3 

139 

9 

6.5 + 2.1 

1 — 3 

36P 

20 

5.S±1.2 


Women: 


1 

S9 

3 

3.4±1.9 

2 

223 

G 

2.7±1.1 

3 

300 

11 

3.7±1.1 

mom 

6121 

20 

3.3±0.7 


No particulars on this point in the cases of 20 men and t2 women. 
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Care. 

To the question whether the pensioners can be considered well 
cared for, answers have been given in 976 cases, referring to 364 
men and 612 women. Tlie information has been worked up and 
collocated in table 12. 5.5. % of the men and 3.3 % of the women 
were stated to be badly looked after (the difference is not statistic- 
ally verified). No material difference is met with as regards the 
frequency for older and younger^ or as regards the various degrees 
of disablement. 

Care before pensioning. 

As has been pointed out above, the investigation material com- 
prises only such rheumatic invalids as had received treatment 
through the instrumentality of K. P. before being granted pen- 


Table 17, 

The distribution of the material according to the number of periods of 
treatment in combination with the degrees of disablement. ^ 


Treatment, number of periods 

Degree of 

disablement 

1 

2 

3 

00 

1 


Men: 




1 

26 

65 

47 

138 

2 

15 

56 

50 

121 

3 

14 

39 

32 

85 

4 

4 

19 

11 

34 

5 



2 

2 

4 

6 

— 

— 

1 

1 

Total • 

59 

181 

143 

383 

Average number 

1.9 

2.1 

2.1 

2.1 


^Yomcn: 




1 

41 

71 

96 

208 

2 

19 

72 

94 

185 

3 

23 

53 

83 

159 

4 

7 

26 

29 

62 

5 

— 

3 

3 

6 

6 

— 

1 

1 

2 

Total 

90 

226 

306 

• 622 

Average number 

2.0 

2.2 

2.2 

2.2 


I No barticulars of the number of periods of treatment given in the case of 
1 man and 2 women. 
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Table 18 a. 
OUier illnesses. Men. 




Degree 

of d 

isablement 


1 

2 

3 

■B 

3 

number 

0/ 

/o 

number 

0/ 

/o 

number 

0/ 

/o 





Younger men 




■ 

No other illness . . 

22 

75.9 

69 

75.0 

54 

84.4f 

145 

78.4 

Other illnesses . , 

7 

24.1 

23 

25.0 

10 

15.6 

40 

21.6 

of which heart 









affections .... 

0* 

0 

8 

8.7 

2 

3.1 

10 

5.4 

Total 

29 

100.0 

92 

100.0 

64 

100.0 

185 

■ 



Older men: 





No other illness . . 

23 

76.7 

71 

7S.9 

67 

84.8 

161 

m\ 

Other illnesses . . 

7 

23.3 

19 

21.1 

12 

15.2 

38. 

19.1 

of which heart 









affections .... 

2 

6.7 

5 

5.6 

3 

3.S 

10 


Total 

30 

100.0 

90 

100.0 

79 

ioo;o 

199 




Total of 

men. 



- 


No other illness . . 

45 

76.3 

140 

76.9 

121 

84.6 

306 

79.7 

Other illnesses . . 

14 

23.7 

42 

23.1 

22 

15.^ 

78 

m\ 

of which heart 









affections .... 

2 

3.4 

13 

7.1 

5 

3.5 

20 

5.,2 

Total 

59 




143 


384 * 

100.0 


sions, the average number of treatments appearing from table 17. 
It is found that every pensioner had received treatment twice on an 
average. No verified increase in the average number according to 
the degree of disablement emerges from the material. It is possible, 
however, that a larger material might show a decided tendency 
towards a greater number of periods of treatment in the case of 
severer degrees of disablement. However, if there is such an in- 
crease it appears to be inappreciable. 

Other illnesses afflicting the pensioners. 

Comparatively often the pensioners were suffering from some 
other illness as well as the rheumatic affection (tables 18a and b). 
This is the case in 20 % of the men and 25 % of the women. Heart 
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Table 18 b. • . 

Other illnesses. "Women. 



Degree o f d i s a b 1 e m e n t 



1 

2 

3 

1—3 

number % 

number % 

number % 

number % 


Younger women: 


No other illnesse:. 

23 

56.1 

93 

79.5 

122 

87.1 

238 

79.9 

Other illnesses . . 

18 

43.9 

24 

20.5 

18 

12.9 

60 

20.1 

of which heart 









affections .... 

8 

19.5 

13 

11.1 

6 

4.3 

27 

9.1 

Total 

41 

100.0 

117 

100.0 

140 

100.0 

298 

100.0 



Older women: 





No other illness . . 

35 

71.4 

77 

70.0 

119 

71.3 

231 

70.9 

Other illnesses , . 

14 

28.6 

33 

30.0 

48 

28.7 

95 

29.1 

of which heart 









affections .... 

4 

8.2 

11 

10.0 

14 

8.4 

29 

8.9 

Total 

49 

100.0 

110 

100.0 

167 

100.0 

326 

100.0 



Total of women: 





No other illnes . . 

58 

64.4 

170 

74.9 

241 

78.5 

469 

75.2 

Other illnesses . . 

32 

35.6 

57 

25.1 

66 

21.5 

155 

24.8 

of which heart 









aftections .... 

12 

13.3 

24 

10.6 

20 

6.5 

56 

9.0 

Total “ 

90 

lOO.O 

227 

100.0 

307 

100.0 

624 

100.0 


disease is the most usual illness met with and is reported in 5.2 
(±1.1) % of the men and 9.0 (± 1.1) % of the women. (The dif- 
ference is probable). There is no difference in the frequency of 
other illnesses as between the younger and the older persons, either 
in the case of heart disease or other illnesses. On the other hand, 
it seems that the frequency is higher for the slighter cases of 
polyarthritis. The increase is statistically verified only in the 
group of younger women, but reappears in the majority of the 
groups, both if we consider the frequency of heart disease taken 
by itself and of other illnesses. The explanation of this will 
probably be that just the occurrence of other illnesses contributed 
towards the person in question being granted a pension, so that 
the frequency of other illnesses should be greater among the less 
seriously disabled. 
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Next to heart disease, tuberculosis is the commonest disease in 
this material. Further, among women, neuroses and organ and 
nerve diseases are not very uncommon. 

Conclusions. 

It now remains to examine in what respects the investigation 
can lead to measures for improving the general circumstances of 
the rheumatic invalids. As was mentioned by way of introduction, 
the questions formulated before the investigation could certainly 
not all be answered sufficiently clearly or satisfactorily. For this 
a considerably more comprehensive and more detailed investigation 
would have been necessary. This is true especially as regards the 
question whether the invalids are well cared for or not. It is mani- 
fest that, in this respect, the investigation is of very limited value, 
owing to the all too summary formulation of the questions in the 
questionnaires sent out, and the usually equally summary answers. 
To obtain a clearer conception of the nature of the care given, a de- 
tailed questionnaire would have been necessary, the filling in of 
which would probably have involved all too great demands on the 
' ’•good-will and time of the Chairmen of the Pensions Committees. 
Nevertheless, certain conclusions can be drawn in this respect from 
the investigation. Only 5.5 % of the men and 3.1 % of the women 
were stated to be poorly looked after. That tliese figures do not 
reflect the actual state of things, but are too low, appears, inter 
alia, from the circumstance that nearly 13 % of both women and 
men with degree 3 of disablement lived alone and were thus com- 
pelled to manage for themselves, in spite of their severe disable- 
ment (table 13). Further, if it is borne in mind that the people here 
in question belong socially to the worst circumstanced in the com- 
munity, one may probably venture the assumption that a great 
number of the invalids living with their families, relations or friends, 
i. e. the great majority (77 % of the men and 70 % of the women) 
are not well looked after, even though this is not directly stated by 
the respective Chairmen of the Pensions Committees. 

It might have been expected that a considerable number of the 
rheumatic invalids would have been nursed in homes for chrome 
invalids or homes for the aged. As has been shown above, however, 
only c. 7 % of the total number of invalids were in such institutions. 


RHEUMATIC INVALIDS IN SWEDEN. 


555 


The reasons for this will probably be both a shortage of places 
in some hospitals for chronic invalids, and also the circumstance 
that, for psychological reasons, rheumatic invalids prefer to remain 
in their home milieu, however inconvenient the housing conditions. 

The problem of whether all the rheumatic pensioners are to be 
considered as definitively disabled, or whether, with treatment, some 
of them might be helped to improved health and increased earning 
capacity is elucidated to some extent by the investigation. It has 
proved that 37 % of the men had incomes in the form of wages 
apart from the pension. The illness of these invalids must thus be 
considered fairly stationary, and their general condition must be 
assumed to have been relatively good, since they managed to pro- 
vide for themselves by their own efforts, even though with the help 
of the pension. Undoubtedly the condition of a large proportion of 
these invalids could be improved by means of medical attention 
and the therapeutic possibilities which are now available, so that 
they might arrive at full wage-earning capacity. Considering the 
effect of the modern methods of treatment — I am thinking more 
particularly of the progress of chemotherapy in the treatment of 
chronic polyarthritis and of the possibilities of orthopedic treat- 
ment in improving the function of the organs of movement — it will 
probably not be too much to assume that a large proportion of the 
rheumatic invalids now entirely incapable of work, would be able 
to contribute more or less towards their own support by means of 
work, if they could have the benefit of the necessary treatment. 

The measures for improving the circumstances of the rheumatic 
invalids which appear most urgent at the present time, are in my 
opinion the following: 

1) An increased number of places in homes for chronie invalids 
for the incurably disabled. 

2) Possibilities for the rheumatics who have already been pen- 
sioned to receive necessary hospital treatment. Under the present 
regulations for the medical activities of the Pensions Board, treat- 
ment can only be given to such invalids as may be expected to be- 
come entirely or partially capable of work after- a relatively short 
period of treatment. After pensions have been granted, treatment 
cannot in general be given to the sufferer at the Pensions Board’s 
institutions. This circumstance, which is conditioned by insurance- 
technical factors, is not compatible with medical and social ethics. 

— Acta med. scandinav, Vol. CXIV. 
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So long as other nursing possibilities do not exist, therefore, the • 
Pensions Board’s hospital should on the whole be available for all 
who, according to medical opinion, might conceivably be im- 
proved thereby. 

3) The establishment of a dispensary organisation for rheumatic 
invalids, which is probably necessary, both for the proper care of the 
rheumatic invalids, and for the rational treatment of rheumatic 
persons in general. 



Acta Medica Scandinavica. Vol. CXIV, fasc. VI, 1943* 


(From the Departments of Pathology and Internal Medicine of the 
Slate University, Leyden, The Netherlands). 


The part of postmortal autolysis in the necrosis 
of the liver parenchyma in subacute atrophy. 

JBy 

CORNELIA van BEEK and A. J. CH. HAEX. 

(Submitted for publication May 11, 1943). 


In 1919 Umber (1) pronounced the opinion that the flaccidity of 
the liver observed in acute atrophy is due to postmortal digestion. 
He supposed that the autolysis of the liver parenchyma, which in 
this disease begins already during life, proceeds after death with 
unusual speed, so that the organ, which till the moment of death 
would be firm, is found to be flabby at the autopsy. Umber based 
this view on an observation made on the liver of a female patient, 
whose illness was clinically diagnosed as acute yellow atrophy. 
On the 34th day of her illness she could leave her bed, but seven days 
afterwards and then again five days later she suffered from severe 
attacks of pain accompanied by jaundice. As cholelithiasis seemed 
possible, laparotomy was carried out, but no stones were found. The 
liver felt firm, and showed atrophic parts of a red colour side by side 
with purple prominences. For the microscopical examination a small 
piece was resected. Atrophic parts with proliferating bile-ducts 
appeared to alternate with regenerating parenchyma. The firmness 
of the liver led to the conclusion quoted above. Umber overlooked 
however that the organ at the time of the operation could no lon- 
ger be regarded as a good example of acute or subacute atrophy 
oi the liver, for between the disease had reached its culminating- 
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point and the operation more than a month, and since the onset 
of jaundice even two months had elapsed. Regeneration already 
had taken place on a large scale. That the liver at the moment of 
the laparotomy in this case felt firm, allows in our opinion no con-, 
elusion with regard to its consistency during life in the acute or 
subacute stage of the disease. Umber’s patient was cured. Although 
the example on which Umber based his hypothesis, can therefore 
not be considered appropriate, his view nevertheless was a sound 
one, and finds support in our own observations. ' 

Umber’s conclusion was criticized by Fraenkel (2), The latter 
rightly remarked that to prove Umber’s hypothesis an investigation 
of the liver both before and after death is required. 

Fraenkel himself could test this hypothesis in two cases, but 
he was unable to find any difference in the microscopical aspect of 
the liver ante et post mortem: the necrosis had not increased after 
death. He also pointed out that the consistency of the liver varies 
according to the stage of the disease between flabby, limp-elastic 
and more or less tough. According to Verse (3) the consistency 
moreover depends on the moment at which the autopsy is per- 
formed: within two hours after death the ochreous parts in his case 
still felt firm, but a few hours later, owing to the postmortally in- 
creased autolysis, they became flabby. 

Hanser (4) too could compare the condition of the liver ante et 
post mortem in two patients who died of subacute atrophy of the 
liver. Tliis investigator performed biopsy at laparotomy and found’ 
intact liver parench 3 ^ma with normally staining nuclei. At the 
autopsy, however, the structure of the liver was no longer recogni- 
zable, and the nuclei stained but poorlj'' or not at all. Hanser 
concluded that the liver, which intravitally was already injured, 
postmortall}’- was subject to a vigorous autolysis, and that the 
necrosis which- had taken place before death, was therefore less 
pronounced than the autopsy suggested. 

Olivet (5) performed aspiration biopsy of the liver 14 hours before 
death on a patient suffering from acute atrophy of the liver and 
states that at the autopsy the deviations had greatly increased. 

Roholm and Iversen (6), to whom we owe the revival of the prac- 
tice of aspiration biopsj’' of the liver, also compared the liver paren- 
chyma obtained by aspiration from a patient suffering from sub- 
acute atrophy 16 hours before and 10 hours after death. The first 
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Specimen showed degeneration of the parenchyma whose nuclei 
however stained normally, the second one necrosis of the paren- 
cliyma and Roholm and Iversen therefore concluded that in subacute 
atrophy the complete necrosis of the liver parenchyma observed at 
the autopsy, is mainly due to postmortal autolysis. 

From the reports published by Fraenkel, Hanser, Olivet and Ro- 
holm and Iversen it is clear that in each case a comparison was made 
between the histopathology of the liver as it was found at least 10 
hours before death with that at least 10 hours after death, but that 
nowhere the condition just after death was examined. This seems 
to us a matter of fundamental importance. 


Authors 

Examination of the liver in cases of subacute atrophy 

Number of hours ante 
mortem 

Number of hours post 
mortem 

Fraenkel (1920) , . 

a. 10 (laparotomj*) 

a. 12 (autopsy; 


b, < 24 » 

b. 20 » 

Hanser (1921) .... 

a. 6 » 

a. 30 » 


b. 20 » 

b. 24 1 , 

Olivet (1926) .... 

14 (aspiration 
biopsy) 

13 » 

Roholm and Ivei- 

16 faspiration 

10 (aspiration biopsy) 

sen (1939) .... 

biopsy) 


Van Reek and Haex 

— 

and 6 » » and 

(1943) 


18 (autopsy) 


Our own observations are the following. 

A man, 68 years of age, fell ill with jaundice; he felt dull, som- 
nolent and mentally confused. Five days after the onset of his 
illness the patient was admitted to the Academical Hospital, Ley- 
den. As the result of a comprehensive examination the illness 
was diagnosed as (sub)acute atrophj’’ of the liver. The sopor con- 
tinually increased, and the man died 12 days after the onset of his 
illness. Various reasons prohibited an ante mortem examination of 
the liver. 

Half an hour after his death an aspiration biopsy was performed 
on the right lobe of the liver according to the technique described 
by Iversen and Roholm (7). Tlie remnants of the liver parenchyma 
showed sharply defined cells with normally staining nuclei and a 











Fig. 1. hour aflcr death; x iOO. 

The liver parenchyma shows sharpiy^ defined cells with clearly stained nuclei 

minutely granulated protoplasm wnthout vacuoles (fig. 1), Between 
these patches of parenchyma wdiich were still in good condition, 
there were areas where not a single liver cell tvas left, but where the 
coimective tissue and, to an even greater extent, the bile-ducts 
were seen to proliferate, and where at the same time an infiltratmn 
with polymorphonuclear leucocytes and lympoheytes -svas noticed. 
In these parts signs of, hyperemia and hemorrhagia moreover were 
present. 6 hours after death another biopsy was performed. 
Now the remnants of the parenchyma had partially lost their 
cohesion, and compared witli tlm tissue obtained ^ hour after 
death, the nulei did not stain so well, and the protoplasm was more 
cloudy (fig. 2). Tlie next morning yve tried once more to perform an 
aspiration biops)', but owing to the extensive postmortal digestion, 
which in the meantime had made unusual progress, we did not 
succeed. For this reason at the autopsy, which took place 18 % 
hours after death, next to the part where the biopsies had been 
performed, a small piece of the liver yvas resected. 
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Fig. 2. 6 hours after death; X 100.- 
The liver parenchyma is partly disintegrated; the nuclei stain less clearly 
• and the protoplasm has become more cloudy. 


The liver itself was greatly reduced in size (weight: 575 g), and 
appeared very flabby; the left lobe especially was considerably 
diminished in size, and showed a green discoloration, whereas the 
liver structure was no longer recognizable. This lobe was rather 
tough than limp. The right lobe on the other hand was flabby, 
and showed a somewhat uneven surface with ochreous prominences 
in which the liver structure was still preserved alternating with 
depressed grey-blue parts without structure. The cut surface 
showed in the right lobe several orange-brown foci in which the liver 
structure was preserved alternating with shrunken structureless 
red-brown parts; in the left lobe there was on section no indication of 
a lobular pattern. Tlie edge of the liver was clearly defined, and in 
the shrunken, structureless parts the Avrinkled capsule curved in- 
wards. 

The microscopical examination revealed that the areas which 
macroscopically appeared ochreous, consisted of almost completely 
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Fig. 3. 18^/4 hours after death; x 100. 

The liver parenchyma is enlirelj' disintegrated, and l)n.s become necrotic. 


necrotic and disintegrated liver parenchyma (fig. 3), The nuclei 
of the leucocytes and of Llic cells of the bile-duels were the only ones 
that still could be stained. The ochreous colour was not due to the 
presence of fat (reaction with Sudan III negative) but to that of 
bile pigment in the liver cells themselves, the bile-capillaries and the 
Kupffer cells. In the left lobe and in those parts of the right one 
which macroscopically appeared shrunken and red-brown, no paren- 
chj'ma could be detected, but the tissue appeared to consist of 
densely crowded triangles of Kiernan, detritus, Kupffer cells filled 
with fat (reaction with Sudan III positive), young connective 
tissue, proliferating bile-ducts and extensive hemorrhages. As the 
parenchyma in these parts had disappeared completely during life, 
the portal spaces of Kiernan came nearer to each other. This 
should be kept in mind when considering the proliferation of the 
connective tissue. Tlie diagnosis based on the results of the gross 
and microscopic examination at the autopsy would have been: 
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subacute atrophy of the liver with complete necrosis of the paren- 
chjmia; study of the liver tissue taken respectively % and 6 % hours 
post mortem, however led to the following conclusion: 

The liver parench^lna that in our case of subacute atrophy at the 
moment of death still remained (macroscopically visible as ochreous 
prominences) was subject to an unusually vigorous postmortal 
digestion, and for tliis reason the necrosis appeared at autopsy more 
extensive than it was at the moment of death. That the necrosis 
observed at necropsy is due for a great part to postmortal auto- 
lysis, — a thesis brought forward by Umber, Hanser, and Roholm 
and Iversen, but not fully demonstrated b}’’ these authors, because 
they failed to examine the liver at the moment of death — finds 
therefore support in the results of the investigation detailed above. 

By tlic aid of the staining method of Best, the specimen being 
fixed in 96 per cent alcohol, the presence of glycogen could not be 
detected in any of our slides. The results of the micro-glycogen- 
determination were: ^ hour post mortem 0.44 g per cent; 6 % 
hours post mortem 0.42 g per cent; 18 % hours post mortem 
0.22 g per cent. These figures may be taken as a quantitative ex- 
pression of the gl 3 'cogcn dcficienc}’’ of the liver in a case of sub- 
acute atroph 3 ^ 


Summary. 

Bj* comparing the tissue obtained bj’’ aspiration biopsy respec- 
tively' and 6 % hours after death from the liver of a man who 
had died of subacute atrophy', with liver tissue resected at the 
autopsy' 18 % hours post mortem, it was found that the diffuse 
necrosis which was observed at necropsy' was mainly due to post- 
mortal autoly'sis. Tlic liver parcnchy'ma that was not destructed by 
the intravital autoly'sis (macroscopically' visible as ochreous promi- 
nences) showed a well-defined structure and normally' staining 
nuclei immediately after death, but it disintegrated very rapidly' 
as a result of portmortal digestion. 
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From llio Blogdam Hospital (Infectious Diseases) Copenliagen (Cliief 
Physician; H. C. A. Lassen, M. D.) 


Experimental Investigations on the Function of the 
Autonomic Nervous System During the Acute 
Phase of Poliomyelitis. 

By 

KNUD LUNDB^K. 

(SubmillccI for puhlicalion March 21, 19-13). 


Since the cslablislimcni of the pathological process in the spinal 
cord in cases of poliomyelitis, this disease was generally taken to he 
an entirely motor affection (Charcot, 1880), 

Long hoforc that time, however, it was fully realized that auto- 
nomic disturhanccs in the paralyzed extremities were common 
phenomena in the late stages of the disease (IIeine, 1860; Lahorde, 
1864). But the autonomic phenomena in the beginning of the disease 
Lad received only slight attention — as is evident, for instance, from 
the fact that even as late as in Wickman’s monograph (1907) para- 
lyses of the gastro-intestinal tract and the urinary bladder are stated 
to be rare. 

Only in recent years has it been appreciated that transitor}'' 
autonomic symptoms arc common in the first phase of poliom3’’elitis. 
These phenomena, as is well known, include the always transitory 
paralysis of the bladder and intestine (present in 30 — 40 % of the 
386 cases studied by Toomey, 1933), tachycardia, the infrequent 
abnormalities of the pupil (Elders, 1936), and the sudden deaths 
from bulbar vasomotor collapse or respiratory^ paralysis. 

Of experimental studies on the function of the autonomic ner- 
vous system in the acute stage of poliomyelitis only very few have 
been published. In some cases Kuhhnann & Otto (1939) found an 
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abnormal dermographism of the skin regions corresponding to the 
paralyzed segments. Jungehlut & Resnick (1936) performed glucose 
tolerance tests on poliomyelitic monkeys and found the blood 
sugar curves abnormally high and prolonged, which might perhaps 
he attributable to some autonomic disturbance. As these authors 
have not taken the diet of the monkeys into account, however, it 
seems more likely that their findings are attributable to a reduction 
in the carbohydrate intake owing to anorexia in the sick monkeys. 

The present studies are aimed to demonstrate the autonomic 
abnormalities by means of two methods of examination: Tests with 
indirect heating and examination of postural reflexes. 

Pathological Anatomy. 

Tlie pathologic-anatomical process in the acute phase of polio- 
m^'clitis consists chiefly in a transitory infiltration Avith lympho- 
cytes and the irreparable neuronophagia. The lymphocytic infiltra- 
tions can be seen everywhere in cross-sections of the cord, up to 
the diencephalon, in spinal ganglia and in peripheral autonomic 
ganglia. In the spinal cord, neuronophagia takes place chiefly in 
the anterior horns, less frequently and less extensively in the late- 
ral horns. In the superior parts of the central nervous system neu- 
ronophagia is seen just as often in as outside the nuclei of the motor 
cranial nerves [Hechst (1925), Covell (1932), Pette, Demme & 
Kornyey (1932), Pette (1942)]. A few authors think they have 
been able to demonstrate slight damage to the nerve-cells in peri- 
pheral autonomic ganglia too [Marinesco, Manicatide & State- 
Draganesco (1929), Mouriquand, Dechaume, Sedallian & Morin 
(1930)]. 

r 

Skin Temperature Curves on Indirect Heating. 

Changes in the skin temperature of a hand or foot on heating 
of another extremity have been described by several authors 
e. g., LcAvis & Pickering (1932), Uprus, Gaylor & Carmichael (1936) 
— and investigated in particular by Vanggaard (1941). Vanggaard 
found, under standardized experimental conditions, that immersion 
of both loAver extremities in water with a temperature of 42 — 44 
produced an increase in the temperature of the fingers of about ten 
degrees, when the fingers had been chilled beforehand. This rise m 
the skin temperature appeared after a latent period of 1.5 — 21.5 
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Asmussen, Holrnii Christensen & Marius Nielsen (1939) have 
made a thorough investigation of the mechanism in the hemodyna- 
mic variations due to. changes in posture. They arrived at the 
result that the changes in pulse rate are brought about by changes 
in the arterial pressure that arise on sliifting of the blbod to or 
from the lower extremities. In addition, these authors have demon- 
strated that in the passively erect posture, even with a rise in pulse 
rate the blood pressure can be maintained only through vasocon- 
striction in the splanchnic field. 

^^^^ether the converse holds true, i. c., whether the change to a 
posture with the head down is also associated with »anotherlinki>- 
in the compensatory mechanism — that is, a vasodilatation — is 
still unsettled but it seems not improbable. 

As is well known, poliomyelitis is often associated with sym- 
ptoms of a bulbar lesion, the histological substrate of which has 
been mentioned already. But also in cases which present no noti- 
ceable symptoms of bulbar origin, it seems reasonable to imagine 
that there may be a more or less pronounced, possibly transitory, 
involvement of bulbar centers. It is possible, therefore, that exa- 
mination of the reaction to postural changes in patients with acute 
poliomyelitis might reveal some signs of damage to the reflex cen- 
ter in the medulla oblongata or to lower autonomic centers. 

Here an account will be given of a number of tests of this kind 
carried out on patients with severe poliomyelitis, in part with bul- 
bar symptoms. As it was to be expected, that the tipping of the 
patient, with his legs hanging down, in the presence of impaired 
reflexes might lead to a fall in blood pressure that perhaps would be 
difficult to control, it was decided — except in one case — : merely 
to tip the head downwards (45 — 60°). From the following it will 
be evident that this procedure possibly implies also some theore- 
tical advantages. 


Results. 

In the following a review will be given of the results of the 
indirect heating tests and examinations of postural reflexes in the 
individual patients. The outcome of the examinations of postural 
reflexes is recorded schematically in Table 1. 
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Table 1. 


Postural Reflex Exami nations. 


Case 

No. 

Initials of 
the pa- 
tient 

Tipping 
with head 
up or 
down 

Blood pressure 

Pulse rate 

Before 

exam. 

During 

exam. 

Differ. 

once 

Before 

exam. 

During 

exam. 

Differ- 

ence 

Survivors. 


L. B. 

Down 

100 

n 

-f 5 

83 

84 

+ 1 


G. P. 

Down 

110 

mm 

0 

110 

103 

— 7 


G. N— J. 

Down 

130 

IQ 

0 

120 

116 

—4 

4 

H. 0. 

Down 

120 

m 

0 

90 

100 

+ 1 

Dead. 

10 

T. J. 

Down 

n 

m 

+ 25 

86 


—22 

11 

M. S. 

Down 

IQ 


-h20 

95 


—23 


» 

Up 

IQ 

130 

—35 

92 


+ 12 

mm 

A. D. • 

Domi 

mm 

165 

0 

88 

104 

+ 16 

■a 

B. J. 

Down 

120 

120 

0 

120 

126 

+6 

14 

B. A. 

Down 

00 

100 

+ 10 

122 

120 

2 


In eacli case a brief account will be given of the state of the 
patient at the point of time when these examinations were carried 
out, giving merely tlie positive data. In the cases that terminated 
fatally an abstract will be given of the relevant parts of the autopsy 
reords 

The »days of illness» are reckoned from the first day with menin- 
geal sjTnptoms, without regard to the possible opreliminary illness)> 
(Pette, 1942). 

Case 1 (L. B.). 

The first indirect lieating test was performed on the S’ day of illness. 
Temperature 37.4°. Pulse 80. At that time, severe paralyses had appeared: 
total paralysis of the lower extremities and the musculature of the abdomen 
and chest, subtotal paralysis of the upper extremities. The patient was 
lying in respirator. The bladder and intestine were paratyzed. 

The skin temperature curve obtained for the extremity examined in this 
experiment is shown in Fig. 1. Indirect heating for 30 min. gave no rise in 
temperature. The heating Was then supplemented with an electric heat-pad 
applied to the chest and two hot water bottles. In the following 75 min. 
there was onl y a transitory slow rise of about 1 degree, and this was accom- 

^ I am obligated to Dr. Erna Cliristensen for the histological examination, 
and description of the specimens. 
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panied by a transitory sweating of tlte face, and the patient complained of 
nausea. The experiment was repeated on the following day when the 
condition of the patient Was unchanged, except that there now had been 
spontaneous urination lor the first time. The intestinal paralysis persisted 
uncliangcd. This time, besides immersion of one arm in the water-bath 
two electric heat-pads and 3 hot water bottles were applied at once. No 
rise of the skin temperature of the hand examined appeared in 50 niin. 



Fig. 1. Case 1. Indirect heating on 8' day of illness. 


On the 20’ da}’’ of illness, after the paralj’^sis of the bladder and intestine 
had disappeared some time before, a new test was made with indirect heat- 
ing. At this lime the temperature and pulse were normal and the patient 
was now lying in a bed. The respiration was chiefly auxiliary and dia- 
phragmatic but there Was perhaps also faint thoracic respiration. The other 
pareses were unchanged. — Now a normal vascular reflex was recorded, 
After 7.5 min. there appeared an abrupt rise in the skin temperature of 
the hand examined from 25° to about 32°. Then the heated hand was 
immersed in a water-bath with a temperature of 11°, and in response hereto 
the other hand showed a more gradual fall in temperature, but on additional 
chilling of the body the skin temperature fell below the initial level (Fig. 2). 
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In order to ascertain whether differences in the covering of the patient 
in the respirator and in the bed played any role in the outcome of the test, 
the experiment was repeated on the 33’ day of illness, with the patient 
being placed in the respirator again for a few hours before the test. Under 
these conditions, too, a normal vascular reaction was observed. The latent 
period was a little longer, but the rise in temperature was rather more 
abrupt than in the preceding experiments. 



Fig. 2. Case 1. Indirect heating on 29' day of illness. 


The postural reflex examination was carried out on the 8’ day of illness. 
It showed no definite abnormality. 

Case 2 (G. P.). 

The first indirect heating test Was performed on the 5’ day of illness. 
Temperature 37.9°. Pulse 100. — There was total paralysis of both lower 
extremities, and subtotal paralysis of both upper extremities, as only the 
3S — Acta med. scandinav. Vol. CXIV. 
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hands and fingers were able to move a little. In addition, there were para- 
lysis of the abdominal and thoracic muscles, and paralysis of the intestinal 
bladder.- The patient was lying in respirator. 

Indirect heating gave no rise in the skin temperature in 40 min. 

The experiment Was repeated on the AT day of illness. Now the para- 
lysis of both lower extremities was only subtotal, and there was some 
function of the abdominal musculature, besides a fairly good function of the 
intercostal and cervical muscles. The respiration Avas sufficient. The blad- 
der and bowels were functioning normally. 

This time the test gave an abrupt normal rise in the skin temperature 
of the examined hand, after a latent period of only 2.5 min. 

The postural reflex examination was performed on the 6’ day of illness. 
It showed normal conditions. 

Case 3 (G. N-J.). 

The first indirect heating test was performed on the 7’ day of illness. 
Temperature 38°. Pulse 120. Tliere was total paralysis of the musculature 
of the thighs and abdomen, subtotal paral}’sis of the muscles of the leg, 
intercostal muscles and musculature of the neck. Further, the muscular 
power of both upper extremities was greatly reduced throughout. The 
patient was lying in respirator. There was paralysis of the intestine, toge- 
ther with difficulty in urination, but not total paralysis of the bladder. 

The test showed no rise in the skin temperature of the examined hand 
— on the contrary there was a gradual fall in temperature of about 2 degrees. 

The experiment was repeated on the 42’ day of illness; now the quadri- 
ceps femoris, on both sides, Avas capable of some, albeit slight, mobility; the 
function of the crural and abdominal muscles as fairly good; and the mus- 
cular pOAA’'er of the neck and upper extremities AA’as reduced but little. The 
respiration AA'as sufficient. The bladder and boAvels AA'ere functioning norm- 
ally. This lime, the lest shoAA'cd an extraordinarily abrupt and high rise in 
the skin temperature. After a latent period of only 2.5 min. the skin tem- 
perature of the examined hand rose more than 10 degrees in 15 min. 

The postural reflex examination AAms performed on the 7’ day of illness, 
and shoAA'ed no abnormality. 

# 

Case 4 (H. 0.). 

An indirect chilling test Avas performed on the 9’ day of illness. Tem- 
perature 39.3°. Pulse 100. — There AAms paralysis of both deltoids and of 
the right triceps, AA'hile the muscular pGAA'cr of the right biceps AVas loAA'ered. 
There Avas also paresis of the cervical musculature, the patient being un- 
able to raise his head from the pilloAV. In addition, facial paralysis on the 
left side, paralysis of the right trapezius, and paralysis of the right half of 
the palate, accompanied by slight difficulty in SAA'alloAAdng. No paralysis 
of the boAA'el or intestine. 
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Indirect chilling (11—13°) was not followed by any fall in the skin tem- 
perature of the examined hand in 40 min. — on the contrary, there was a 
small initial rise of 3 degrees, followed by an undulating plateau. 

The postural reflex examination, on the 9’ day of illness, showed no 
definite abnormality. 

Case 5 (J. R.). ' 

The first indirect heating test was perfonned on the 9’ day of illness. 

In this case the development of paralysis proceeded at an uncommonly 
slow rate, and after the culmination of the pareses, improvement com- 
menced almost at once. On the T day of illness there was almost complete 
paralysis of both lower extremities and of the left upper extremity, while, 
the muscular power of the right upper extremity was impaired. There 
was paralysis of the bladder but no definite paralysis of the intestine. On 
the day of the test, the 9’ day of illness, the mobility of both arms and feet 
had already become a little better, and there was a slight function of the 
quadriceps femoris on both sides, but the paralysis of the bladder persisted 
unchanged. Temperature 38.0°. Pulse SO. 

The indirect heating in the usual water-bath gave no rise in the skin 
temperature of the examined leg in 42.5 min. Then an electrical heat-pad 
was applied to the chest, and now the skin temperature showed a rise of 
normal abruptness. 

The experiment was repeated on the 23’ day of illness. Now the con- 
dition of the patient was considerably improved, as she was capable of 
flexion, albeit slight, in both knee joints, and the right upper extremity 
showed only a slight decrease in muscular power. The function of the 
bladder, the temperature and pulse rate were normal. This test gave a 
normal rise in the skin temperature of the foot, on heating in the usual 
manner, after a latent period of 22.5 min. 

Case 6 (E. M.). 

The first indirect heating test was performed on the 13’ day of illness. 
Temperature 36.7°. Pulse 60. — There was total paralysis of the lower 
extremities and the abdominal musculature. The muscular power of the 
upper extremities was lowered a little. There was still paralysis of the 
bladder, which in this case persisted unusually long, as spontaneous urina- 
tion did not return till the IS’ day of illness. 

The examination showed a curve for the skin temperature as presented 
in Fig. 4; a very slow rise, in spite of protracted and, finally, massive heat- 
ing. This curve can not with certainty be said to be abnormal, but its form 
deviates markedly from the usual, almost instantaneous, j'ise in the skin 
tempei’ature on indirect heating. 

The experiment was repeated on the 27’ day of illness. Now the para- 
lysis of the bladder had disappeared, but otherwise the condition of the 
patient was rather unchanged. As shown in Fig. 5, this time the test gave 
a considerably more abrupt rise in the temperature curve. 
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Case 7 (P. H.). 

An indirect healing lest \vas performed on the a’ day of illness. Tem- 
perntnre .17. ()°. Pnlse 70. — There ^vas siihlotal paralysis of the cervical 
nmscidahire, the right npjier extremity and both lower extremities; the 
mnsetdar power of the left njiper extremity was lowered greatly. In addi- 
tion, there was paralysis of the bladder and intestine. 

1 he lest showed a normal abrupt rise in the shin lemperalure of the 
examined leg .-'fter a latent period of 7.5 min. 



Pig. 3. C'l.se 0. Indirect hcatii’g on 13' day of illnc,>;s. 

Caso, S (O. P.). 

An indirect healing test was performed on the 7’ day of illness, when 
the lemj)eralure and jndse were normal. The was subtotal paralysis of both 
thighs, still, ho was able to raise one knee a little from the mattress and 
contract the muscles of the other lliigh but feebly. 'I'he muscular power 
of the legs and left fore;irm was lowered a little. There was complete para- 
lysis of the bladder, no paralysis of the intestine. 

The test showed a normal rise in the skin temperature of the foot exa- 
mined after a latent period of 17.5 min. 

Case 9 (J. Aa.). 

An indirect healing lest was performed on the 13’ day of illness, when 
the temperature and jndse were normal, 'fhere was almost total paralysis 
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of the right upper extremhy, slight impairment of the power of the left 
triceps. No other pareses. The bladder and intestines functioned normalljL 
Indirect chilling, followed by indirect heating, gave a normal fall in the 
skin temperature, followed by a normal rise on the extremity examined 
(the paralyzed right arm). 



Fig. 4. Case 6. Indirect heating on 27' day of illness. 

Case 10 (T. J.). 

Postural reflex examination on the 3’ day of illness. Temperature 
39.4°. Pulse 88. — There was paralysis of the cervical musculature. In 
addition, fecial paralysis on the right side and total paralysis of deglutition. 
No paralysis of the bladder or intestine. 

On lipping the head downwards, there appeared a rise in the blood 
pressure and a fall in the pulse rate. 

On the following day the patient suddenly became very ill. The respi- 
ration became shallow and gasping, and then it ceased after a few minutes. 
The pulse was good and strong till shortly after cessation of breathing. 

Abstract from the Autopsy Record (Histol. 21971): 

Upper part of the medulla oblongata: Accumulations of lymphocytes 
arc seen beneath the 4’ ventricle, localized to clusters of nerve-cells. Seve- 
ral nerve-cells have been destroyed, others show chromatolysis. Oedema 
and perivascukr rccumulaiion of lymphocytes in the olive. 

Medulla oblongata, corresponding to coll, fac.: Moderate inflammation. 
Several of the cells in the nucleus of the facialis are unaffected. The chan- 
ges are most pronounced in the sm-ll clusters of neive-cells lateral hereto. 
The olive appears normal. 
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Medulla oblongata, corresponding to the tip of the 4' ventricle: Inflamma- 
tory phenomena corresponding to a part of the nucleus of the hypoglossal 
nerve, on one side. But the changes are more pronounced in the areas 
lateral hereto, .corresponding to the n. ambiguus. Perivascular lympho- 
cytic infiltration here and there in the olive. 

Cervical cord: Moderate perivascular round-cell infiltration and oedema 
of the white substance. Round-cell infiltration and neuronophagia of the 
anterior horns. 

Case 11 (M. S.). 

Postural reflex examination on the C’ day of illness. Temperature 38.6°. 
Pulse 72. At that time there wrs total paralysis of the upper and lower 
extremities and of the thoracic musculature; marked impairment of the 
power of he abdominal musculature. The patient was lying in respirator. 
He was a little hazy and had difficulty in speaking, but there was no defi- 
nite paralysis of any cranial nerves. The bladder was completely para- 
Ij’zed. 

On tipping the head downwards, there appeared a considei-able rise in 
the blood pressure and fall in the pulse rate. On tipping the legs down- 
wards — as was done in this case only — there was a fall in the blood pres- 
sure and rise in the pulse rate. 

The state of the patient was getting worse steadily, and he died on the 
same day, with signs of vasomotor collapse. 

Abstract from the Autopsy Record (Histol. 21902): 

Hypothalamus: Hyperemia, perivascular and diffuse lymphocytic infih 
trations; here and there, degenerative changes in the nerve-cells. The chan- 
ges arc most pronounced paravcntricularly. 

Medulla oblongata, corresponding to the tip of the 4' ventricle: Here and 
there, marked perivascular accumulation of lymphocytes. The nucleus of 
the hypoglossal nerve is relalivelj’’ well preserved, but the region lateral 
hereto shows oedema, perivascular lymphocytic infiltration and degenera- 
tive changes in the nerve-cells. In the olive, the nerve-cells are moderately 
swollen, with eccentric nuclei; but no lymphocytic infiltration is seen here. 

Cervical cord: Moderate perivascular lymphocyte and plasma-cell 
infiltration in the white substance. On one side, the anterior and posterior 
horns show infiltration with lymphocytes and degeneration of the nerve- 
cells. 

Case 12 (A. D.). 

Indirect chilling test on the 5’ day of illness. Temperature 38.1°.Pulse 
64. — There were extensive paralyses, the lower extremities being almost 
completely paralyzed, the abdominal musculature and the lower intercos- 
tal muscles totally paralyzed. In addition, the muscular power of the upper 
extremities and the neck was lowered; and there was diplopia. Total para- 
Ij’^sis of the bladder and intestine. There was a slight difficult}' in breathing, 
but the respirator was not yet required. 
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Indirect chilling (13°) gave an initial fall in the skin temperature of the 
examined hand, amounting to 2 degrees, which Was followed by an undulat- 
ing plateau round the level of the initial value for 30 min. 

Postural reflex examinalion was performed on the 5’ day of illness. 
No change in the blood pressure was observed, but a considerable rise in 
the pulse rate. The significance of this result will bo mentioned later. 

On the day after the examination, the slate of the patient was aggra- 
vated, and the breathing became shallow. The patient was now placed 
in respirator. Two days later, his condition was worse, with increasing 
cyanosis, and he died suddenly, with signs of vasomotor collapse. 

Abstract from the Autopsy Record (Histol. 2101'!); 

Hypothalamus, just anteriorly- to the mammillary body: Degenerative 
changes in the ncrvc-cclls, oedema, here and there perivascular infiltra- 
tion Avilh lymphocytes. 

Hypothalamus, middle part of the mammillary body: As the preceding 
section; in addition, a few entirely normal cells, and a few that have under- 
gone complete ncuronophagia. A few large accumulations of lymphocytes. 

Hypothalamus, posterior pari of the mammillary body: As the preceding; 
in addition, a good many microglia cells. 

Medulla oblongata, corresponding to coll, fac.: Marked perivcscular in- 
filtration with lymphocytes. Abducens nucleus normal. The nerve-cells of 
the facialis nucleus have undergone either ncuronophagia or moderate 
degeneration. The lateral part of the section shows diffuse cellular degene- 
ration, oedema and lymphocytic infiltration. Anteriorly there is merely a 
slight oedema. 

Medulla oblongata, corresponding to the tip of the 4' ventricle: Pronounced 
inflammatory changes with acute swelling of some of the nerve-cells, in par- 
ticular laterally to the hypoglossal nucleus, the cells of which .show merely 
a moderate oedema. The olive appears normal. 

Cervical cord: lilrrkcd oedema; here and there, perivascular infiltra- 
tion with lymphocytes in the white substance. Accumulations of lympho- 
cytes in the anterior horns, ncuronophagia of the majority of the nerve- 
cells, and infiltration with microglia cells. In the posterior and lateral 
horns, similar changes though lo.ss pronounced. 

Case 13 ['B. d.]. 

Postural reflex examination on the 4’ day of illness. Temperature 
38.8°. Pulse 118. — At that timethepalientwas very ill, hazy and slightly 
cyanotic. The right abducens nerve was paralyzed, and the deglutition was 
completely paralyzed; the mouth was continuously full of saliva. The 
right pupil was larger than the left. Diffuse impairment of the muscular 
power in ail groups of muscles. Respiration weak, but regular. No paralysis 
of the bladder. 

The outcome of the examination was not quite definite, as there was no 
rise in the blood pressure, but a slight rise in the pulse rate. This result 
will be discussed later in connection with the findings in Case 12. 
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The patient was getting worse rapidly and died a few hours after the 
examination, with increasing cyanosis and steadily increasing impair- 
ment of the heart function. 

Abstract jrom the Autopsy Record (Histol. 21971); 

Htjpothalamus, corresponding to the optic chiasma: Hyperemia and peri- 
vascular oedema, but only a few accumulations of lymphocytes and micro- 
glia cells. Several nerve-cells show degenerative changes. 

Hypothalamus, corresponding to the anterior part of the mammillary body: 
Same features as above. Besides, near the 3’ ventricle, accumulations of 
lymphocytes and microglia cells, together with neuronophagia of nerve- 
cells. 

Hypothalamus, corresponding to the posterior part of the mammillary 
body: Degenerative changes in some of the nerve-cells. 

Medulla oblongata, corresponding to coll, fac.: Posteriorly, marked 
infiltration of lymphocytes. Acute swelling of the nerve-cells in the facialis 
nucleus; here and there, pronounced hyperemia and perivasculrr infiltra- 
tion with lymphocytes. 

Medulla oblongata, corresponding to strite med.: Same features as in the 
preceding section, only that the lymphocytic infiltration here is more 
pronounced. 

Medulla oblongata, corresponding to the tip of the 4' ventricle: The hypo- 
glossal nucleus is well preserved. Laterally hereto, involving also the nuc- 
leus ambiguus, the nerve-cells show pronounced acute swelling, oedema 
and lymphocytic infiltration. 

Cervieal cord: Here and there, perivascular 13 -mphocylic infiltrations 
in the white substance. The anterior horns show pronounced oedema, 
hyperemia and lymphocytic infiltration; and all the nerve-cells have under- 
gone degenerative changes or neuronophagia. 

Lumbar cord: Same features as in the preceding section, only a little less 
pronounced. 

Case 14. (B. A.). 

Postural reflex examination on the 4’ da^"- of illness. Temperature 37.6°. 
Pulse 108. — There was a pronounced, diffuse impairment of the muscular 
power, the patient being able to move the extremities but little. Total 
paralysis of the thoracic abdominal and cervical musculature. The pati- 
ent was Ijdng in respirator. There was no paral 3 "sis of the bladder or intes- 
tine. 

The examination showed abnormal postural reflexes: a rise of 10 mm. 
in the blood pressure, but practicall 3 ’' no change in the pulse rate. 

On the 6 ’ day of illness, the patient got worse. She became more and 
more hazy and had difficulty in speaking; and she died on this da 3 ^ At 
no time was there any paral 3 '^sis of the bladder or intestine. 
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In two cases with high fever and, consequently, maximal peri- 
pheral vasodilatation and high skin temperature, an indirect 
chilling test was performed (Cases 4 and 12). Both of these patients 
showed no fall in the skin temperature, but, considering the ab- 
normal initial values, it would hardly be warrantable to attach any 
particular significance to the outcome of these two tests. 

As to the postural reflex examinations, it will be appropriate at 
once to emphasize a fact that makes it difficult to interpret the 
results obtained. Kopp (1939) has shown that examination of 
patients with artificial fever by tipping them with the legs down- 
wards often gives abnormal results, i. e., a fall in blood pressure. If 
the converse be the case, that is, if a fever by itself might imply a 
tendency to a rise in blood pressure on tipping of the body with 
the head down, has not been ascertained. An explanation of the 
fall in blood pressure on tilting of the body "svith the legs down, 
in a state of fever, is not given in the studies reported by Kopp. 
Probably this phenomenon may be attributable to the reduction in 
the »effective blood volume» which presumably takes place on the 
stagnation of the blood in the dilated capillaries in fever. The 
amount of blood given off to the lower extremities will thus be 
relatively greater and more easily able to bring about a break in 
the regulation, giving a fall in blood pressure. 

If this explanation be correct, however, one would not a priori 
expect that a rise in blood pressure would appear more readily on 
tipping of the body with the head down in fever, in which con- 
dition the lowered »effective blood volume*) can only give a smaller 
rise in the venous pressure than normally. But, even though it thus 
seems improbable that the fever in itself may be responsible for the 
occasional abnormal results in the tests here presented, the condi- 
tions mentioned call for a certain degree of reservation in the final 
estimation of the significance of the obtained results. 

In 4 patients the tests showed a normal reaction, the blood 
pressure keeping unchanged while the piilse rate was falling or 
unchanged on tipping of the body with the head down. All these 
4 patients survived the illness, which was severe in 3 of them. It is 
to be mentioned’ that one of them, Case 4, was examined in fever. 
The remaining 5 patients showed an abnormal reaction. They all 
died of poliomyelitis. Most of them had fever at the time of the 
examination. Cases 10 and' 11, and in a lesser degree. Case 14, 
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:sliowed a typical failure of the regulatory' mechanism. In Cases 
10 and 11 there was a considerable rise in blood pressure, notydth- 
;standing the fall in pulse rate. In Case 11 the abnormality' was fur- 
ther verified by a test with tipping of the body with the legs down. 
In Case 14 there was a barely demonstrable rise in blood pressure 
and no definite change in the pulse rate. Tlie outcome of the test 
in Case 10 and 11 shows that there is no definite demonstrable 
■defect in one of the compensations that normally has to take place; 
the decrease in the pulse rate. It seems most likely that the rise in 
blood pressure, in spite of the considerable fall in pulse rate is 
ascribable to a failure of the vasodilatation, which presumably 
takes place normally simultaneously with the decrease in pulse 
rate. This vasodilatation has not been demonstrated, it is true, but 
the assumption of its occurrence finds support in the present 
results. 

In Cases 12 and 13 we meet wth another abnormality; The 
blood pressure remained unchanged but the pulse rate increased. It 
is difficult to give any' adequate explanation of this peculiar result, 
which resembles a Bainbridge reflex. 

On comparison of the results obtained with the two methods 
of examination, one has the impression that the vascular regula- 
tion due to the shift in the blood volume is effectuated more readily 
than the heating effect, or that the shifting of the blood volume is 
a stronger stimulus. From the cases in which both tests were per- 
formed it is evident that the postural reflex test has given normal 
results even in cases where a defect in the autonomic regulation 
could be demonstrated by' means of the indirect heating test. 
Besides, the postural reflex tests have given abnormal results only 
in the most severe cases of the disease, which all terminated 
fatally'. — That the difference in the results obtained with the two 
methods is not due to the regulation on the change in posture 
being brought about chiefly' by' a change in the pulse rate, has 
been mentioned before, and it is also plainly' evident from the results 
recorded in Table 1, 

The histological examination in the fatal cases has demonstrated 
the presence of extensive pathological processes in the medulla 
oblongata and hypothalamus. These changes have been of such a 
character and localization that they' may' readily' explain the ab- 
nonnalities of the blood pressure and heat regulation. It is only 
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reasonable lo assume that the vasomotor centers in the floor of the 
4’ ventricle and the centers for heat regulation, which arc located 
in the hypothalamus — and perhaps in the medulla oblongata, 
too (IMagoun, 1939) — have been affected in the cases here exam- 
ined. Also the respiratory center, which is taken to be located 
in the reticular formation of the medulla oblongata at the level of 
the inferior olivary nucleus (Pitts, Magoun & Ransoii, 1939), may 
be damaged readily in such a degree as to give serious consequences; 
for all the specimens here examined showed pathological changes 
laterally to the hypoglossal nucleus. In one case (10) the terminal 
symptoms were suggestive of an acute damage to the respiratory 
regulation. 

The pathological findings in the medulla oblongata and superior 
parts of the central nervous system show merely', however, that 
the demonstrated autonomic abnormalities may have been localized 
to these parts of the nervous sy'stcm, and probably' have been so 
partially^ But, as such changes arc seen also in the lateral horns 
of the medulla oblongata and in the syn.pathelic chains, it is not 
possible to decide how great a role the damage to the individual 
sectors of the regulatory' sy'stcm may have played in the individual 
cases. 

Summary. 

By' indirect heating tests and by postural reflex examination the 
writer has tried to demons I rate the presence of autonomic abnorm- 
alities in the acute phase of poliomy'elitis. 

In severe cases of poliomy'elitis the indirect heating test revealed 
a failure of the skin temperature to rise on the extremity examined. 

Cases of moderate severity' showed various degrees of abnorm- 
ality' of the temperature curve, and in the mildest cases the reaction 
was normal. 

In the cases showing an abnormal reaction the test was repeated 
after the first acute stage of the disease had passed. The second 
test gave a normal skin temperature curve in every instance. 

Postural reflex examinations showed a normal reaction in several 
cases, and these patients survived. Other, more severe, cases show- 
ed abnormalities in the form of a rise in blood pressure on tipping 
of the body' with the head down or a reaction reminding of the 
Bainbridge reflex; and all these patients died. 
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The histological examination carried out in the fatal cases has 
demonstrated pronounced changes in the medulla oblongata and 
hypothalamus that may very well have been responsible for the 
demonstrated abnormalities. But, it is pointed out that patholo- 
gical processes in the lower parts of the autonomic nervous system 
probably play just as great a role, if not greater. 
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Furthermore the resistance, as it is measured with given electro- 
des, has to be located for the greater part in the skin. The contri- 
bution of the skin to the total resistance depends highly on its 
watercontents, and thus its resistance is irregularly variable with 
outer circumstances. Yet in many cases the skin has been the object 
of the measurements. 

We have taken up the problem to measure the specific resistance 
of different parts of the live human body. Measurements on cada- 
vers have the disadvantage, that the quantity to be measured may 
change after death and that it is impossible to study the influence 
of the conditions of the body (see p. 604). 

The difficulty of the measurement of the specific resistance of the 
live body is a consequence of the fact that we cannot cut from it a 
piece of a simple geometrical shape and of the badly conducting 
sldn, enveloping the tissues to be investigated. How these diffi- 
culties may be encountered, will be described furthcron. 

As is well known, the human body is an electrolytical conduc- 
tor. So polarization phenomena are to be expected and are indeed 
often stated. (2) The common method to prevent polarization is 
the use of alternating current. Tlris, however, may involve other 
complications, the human or animal tissue having a specific resis- 
tance, depending on the frequency of the current (2). Therefore 
we have used direct current as the simplest case, but further as it is 
our intention to apply our results to the action-current of the heart. 
The frequencies, which occur in electrocardiography are small and 
the specific resistance of our tissues for this frequency will be very 
near the value, we have found with direct current i. e. with a fre- 
quency zero. 


2. Method of measurement. 

To begin with, we will treat the simple case of a nearly homoge- 
neous cylindrical part of the human body e. g. a part of the 
arm. 

In fig. 1. the principle of the electrical measurement is illustrated. 
A current i, given by a battery B, passes through the cylindrical 
conductor A (e. g. the arm). Near the electrodes Cj and Cg (the cur- 
rent-electrodes) the current is not homogeneous over the cross- 
section of the cylinder, but at some distance it is. From the poten- 
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Fin- !■ Wiring'dinjjram for the measurement of the resistance of a part of 
llic cylindrical conductor l)el\vccn llie nicasurinf;-clcctrodes M, and it/.. Tlic 
current i originated by the l)aUcr>' li, is rcfiulalcd by tlic iarftc resistance n* 
The p. d. between llic incasurinp-clectrodes ,t/j and is determined by tbc 
trioffe-voitmetor, designed in the <iolled frame, ns is described in tlie (ext. 

tial difference Vj — between IJiecross-seclionsJl/i and ii/g, chosen 
between Cj and Cn, tlie resistance i? of tlic cylindrical part ii/jil/o is 
deduced with Ohm’s law: 



The specific resistance q of this part of tlic body is computed 
from the resistance H, the distance / of il/j and il/o and the cross- 
section d of the cylinder, according to formula (I). 

The potential difference Vj — Vn between il/j and il/o must be 
measured in such a Avay, that no current passes through the meas- 
uring instrument connected to the electrodes applied in il/i andii/o 
(the measuring-electrodes). Then the resistance of the skin is put 
out of the way. This is seen from fig. 2. If a current should pass in 
the direction of the arrow from the tissue to an electrode (M^ or 
the potential of the tissue immediately under the skin would be 
higher than the potential of the electrode and the reverse. But 
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it the the cun-ert is zeto. the p. d. betweeh the tissue and electrode 
is also zero, how large the skin’s resistance may be. So it is possible 
to measnr; the p. d. between two points inside tlie tissue below 
Ml and Ma which equals the p. d. of the electrodes Mi and them- 

'"TurtolLre will be no disturbing polarization at the electrodes. 
As for the measuring-electrodes Mi and it is absent, for polariza- 
tion is a consequence of a current passing from the electrode to the 
electrolyte or the reverse. The polarization at the current-electrodes 
Cl and Ca does not enter into the equation (11), as it occurs outside 



Fig. 2, A current from tissue to cicctroUc causes a p. d. between both. 

the electrolyte ilfiMg with electrodes iMiUnd Mg, to which it is 
applied. An interior polarizaton, caused by changes of concentra- 
tion of the electrolytes in the cells as a consequence of the current 
is not eliminated in this way. It may have an influence on the value 
of the specific resistance found with direct current. 

Tlie measurement of a p. d. without current passing is a well 
•known physical problem. The method, that we have used, is to be 
found in the dotted frame of fig. 1. The electrodes Mi and Mg are 
connected to the grid G and the kathode K of a three-electrode valve 
respectively. A negative grid-potential suppresses the grid-current, 
so that the current through the electrodes Mi and Mg is indeed 
zero. The changes of the anode-current of the valve are measured 
with the galvanometer D. But as the changes are much smaller 
than the anode-current itself, the main value of this current is 
compensated by the current of an accumulator E, regulated by a 
resistance rg. Only the changes in the anode-current are indicated 
by the galvanometer D. 
sg — Acfa med. scandinav. Vol. CXIV. 
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Such a change is caused by closing wnth a switch S the current i 
through the cylinder to be investigated. The potential difference 
Vi — ^2 between and Mg which is zero for i=0, now acquires 

the value: 

Vi — Va = iR [see formula (II)] 


The change — Vg of the grid-potential, roused in this way, 
gives a deflection of the galvanometer. 

It is not necessary to have the instrument callibrated. It is much 
simpler to insert a resistance R’ in the main circuit and to measure 
the potential difference iR’ between its terminals with the device 
described above. A six-polar switch F allows the connection of 
grid and kathode of the valve to the measuring-electrodes and 
Mg or to the terminals of R'. If the deflection of the galvanometer 
D is proportional to the p. d. applied to the valve, the ratio of the 
peflections with the two connections mentioned is equal to the ratio 
of the potential differences iR and iR’ and thus of the resistances i? 
and R’. As R’ is known, R is found in this way. 

Tlie value of i needs no be accurately measured. The only condi- 
tion is, that the current, flowing througt M-^M^ and R’ is the same. 
So during the measurement the cui'rent should not fluctuate. Tn 
order to prevent fluctuations caused by changes in contact of the 
electrodes and with the body, a large resistance r^ is inserted 
in the main circuit. In the larger number of our experiments \ye 
used a resistance i\ of one or two M Q in connection with a battery 
‘ B of 90 Volt. 

In the former is said, that the resistance of the skin may have 
any value, how large it may be. But if this resistance is too large, 
the measurement will be effectuated by disturbances caused by 
inevitable leakage. This leakage may occur either in the measuring 
apparatus itself or over the skin. To make this error as small as 
possible the skin’s resistance must be reduced, to which purpose we 
have used wet electrodes M-, and Mg- such little cushions, filled 
with wet cotton-wool were used, or small carbon rods with a drop 
of water at the end A small conductance through a layer of dirt or 
sweat on the skin gives large errors. Therefore the skin is thoroughly 
cleaned and dried before each measurement. Under bad conditions 

1 Wetting of the electrodes with a salt solution gives difficulties, which \se 
will not discuss. 
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(wet weather) the disturbances caused by leakage may be trouble- 
some. The resistance of the skin has tlien to ])e reduced appreciably. 
This is done by piercing it with a snapper. The Avet electrode is 
applied on the drop of blood. 

The measuring-electrodes and as a rule aauH have a p. d. 
Avith the skin. This tAvo p. d.’s are not exactly equal and therefore 
the p. d. betAveen il/j and ]\'h is not zero, Avhen no current i passes 
through the conductor M^jS'L. This disturbing effect does not gwe 
an essential difficult}’’, as the potential difference — V2 = Ri is 
superposed on the p. d. mentioned aboA'c. But, as the latter is 
often inconstant, the zeropoint of the galA’anometer is gradually 
shifting. This may make an accurate measurement difficult. 

If tlie aboA^e mentioned disturbing p. d. is rather large, the 
anode current of the three-electrode A’aK’c is changed appreciably. 
The grid-bias is changed b}’’ that, which iiiA’oh’es an error. There- 
fore the negatiA’’e grid-potential can be regulated, to adjust the 
anode-current before each measurement to the some A’alue. 

^^^Ien the resistance of a pari M^Mo of a cylindrical conductor is 
measured according to the method described, the equation (I) gives- 
the specific resistance q. If the conductor is not homogenous the 
result of the compulation of 0 from (I) is the mean A’aluc of the 
specific resistance. 


3. Tests. 

Before Ave mention the results of our measurements, we Avill dis- 

\ 

cuss some tests, Avhich may increase their truslAvorthiness. 

To test the electrical equipment Ave have replaced thepart M^Mq 
of the human body by a metallic resistance of about 100^2. Taa’o 
large resistances of about one uVlQ take the place of the skin at the 
tAA'o measuring electrodes ii/j and Mg. On some days the value found 
for the metallic resistance AA’as erroneous. Then the table, on AV’hich 
the equipment AA’as installed, A\’as heated till the apparatus Avorked 
AA’ell and could be used. We may speak only then of a resistance if 
there is a proportionality betAA^een p. d. and current intensity 
(Ohm’s LaAv). As sometimes this proportionality is denied for the 
human body, Ave have tested it AAOth our method. The current i 
through the arm Avas varied betAvecn 0.08 and 0.85 m A and the p. d. 
betAA'een Iavo points on the arm was measured. Fig. 3 sIioaa’s that in 
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(Ill's curriMit-intcrviil Olini’s law i.s valid and so a resistance does 
o.xisl. ^ 

'Ilie p. d. between two poinls on a cylindrical conductor c. « 
on the arm. lyinq on the same slraiqlil line parallel to the axis of 
the arm, must be jirojiortional to their distance / jsee equation (I)]. 
The experiment with measurinq-electrodes on distances between 
O.f) and 10 cm. placed on the arm, shows that this projiortionality 
exists within the limits to be expected. If the distance / of the 
measurinq-electrodes is too lar-te. it does not hold, as then lhecro.ss- 



l-'if;. a. Tilt' (l('J!fcUfitt tif till' c dvaimuiclfr. tlial h ]>ri)|>()rlioini) to tlic* p. cl. 
lietwi'ci) two ptiiiil'. on tlu- nppc-.irs to tic proportional to the current 

interi'il y 1, e. Ohm"'- I.inv is vnlitl for the live iniin.'in tissue. 


seelion of the arm and the properties of llie tissue are no longer 
fonslant tilong /. With small distances the dimensions of the elec- 
trodes may play a jiarl. In this case the electrodes imisl have a 
small diameter, which is only a fraction of their distance. 

Previously (j), 5SS) we have mentioned, that we liavepierccd the 
.shin will) a snajiper to rcdtire its re.sistnnce. In a .special scries of 
measurements we have' slated that, imtier tolerable conditions, 
there is no .sy.slc'inalic difference between the resistance found with 
the intact .shin and with the piercetl shin. In the second case however 
(he mean error of (he measurement is much -smaller. So we may use 
the method with the intact shin with the certainly, that it gives in 
the mean li)e same value of the resistance, as would he found with 
a direct contact with the well-conducting tissue. 

I Tf a ‘resist aiiceK of a pari of tlie lincly is nieasurecl lu wliicl) llic sl;5i\ is 
clutlctl. tlie current iuereases more rapiUty Ilian Uie ji. tl. Ttiis Is a consequence 
of n piercinfi of (lie skin at liiftlier tension (I'rcilierkcr I. c.) 
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A last lest concerns the vectorial character of the intensity of 
the electric field at the surface of the body, through which a current 
flows. This electric field E is relied to the potential difference 
Vj— Vo between two points 1 and 2 (fig. 4) in such a way that; 

Vi~Vo = / JS cos (HI) 

In order to test this relation wchavc measured the p. d. between 
two electrodes 1 and 2 having a fixed distance I and being placed on 
the skin of the arm. The current i through the arm was kept con- 
stant. The direction of I was varied; the place of I (or more exactly 
the place of the point halfway I and 2) was kept fixed. The potential 
difference V\ — Vo between 1 and 2, plotted as a function of cpgave 
a simisoidc, as is to be expected from equation (III). 

» 

f 

I'ij*. -1. Vccloriiil climactcr of the electric field on llie surface of the 
arm. The. it.d, hclwccu two points t and ‘2 is prqportional to the cosine of the 

angle (j7 hclwcon the line joining 1 and 2 and the direction of the field E' 

To get an idea of the errors involved in the measurement of the 
resistance R of a jiarl of the body, the resistance of a part of the arm" 
of two persons was measured repeatedly on diferent days, the skin 
remaining intact. The mean error was about 3 %. 

It must be remarked, that the error in the determination of the 
specific resistance is larger, for this quantity must be evaluated from 
the resistance, the cross-section and the length of a part of the arm. 
The errors of the last two quantities make the value of the specific 
resistance less accurate than that of the resistance. The error of the 
specific resistance may be estimated to be about G %. 

4, Method of the inhomogeneous current- distribution. 

In all non-cylindrical conductors a homogeneous current-distri- 
bution (i. c. a state in which the current-density is the same in the 
whole volume and has the same direction cverysvhere) cannot be 
realized. For a cylinder not only a homogeneous but also an inho- 
mogeneous current-distribution may reveal interesting facts. There- 
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fore we have studied the case in which the current enters and leaves 
the part of the body to be investigated by two electrodes, each 
maldng contact with the skin in a small spot of a few millimeters 
diameter. The investigation of the p.d. on the skin around these 
electrodes (current-electrodes) gives the possibility of evaluating the 
specific resistance of the tissue under the skin. 

To investigate the arm with the above-mentioned method, we 
have used a system of four electrodes, sliding along a bar of insu- 
lating material. Each electrode consists of a well insulated carbon 
rod of a diameter of a few mm at the end. This is so small, that it 
may be neglected with respect to the distances of the electrodes. 
The four electrodes are adjusted on a straight line and on the desired 
distances. Tire outer pair is used a current-electrodes and the inner 



Fig. 5. Lines of flow of the current through a cylinder in the case of an 
inhomogeneous current-distribution. 

Cj and Cj = current-electrodes, 
il/i and = measuring-electrodes. 

pair as measuring-electrodes (thep. d. of which is measured). We 
have alwa^'s placed the measuring-electrodes M-y and M 2 , s}''nnne- 
trically with respect to the current-electrodes Cy and Cg, in such a 
wa}’' that the point halfway the first ones is also halfway the second 
ones (fig. 5). Notv a current i is sent through the cylindrical conduc- 
tor (c. g. the arm) from one current-electrode (Cj) to the other (Cg). 
The lines of flow of the current are curved, diverging and conver- 
ging at Cy and Co respectively. The potential difference 
between the measuring-electrodes My and il/g determined after 
the method previously described. It is proportional to the current- 
intensity i, as Ohm’s Law holds good for the tissue. So: 

“We will call J?Cia/jMoCo »resistance»,' though it is not a proper 
resistance, but a proportionality-factor, that has the dimension of 
a resistance. It depends on the shape of the conductor (e. g. a cylin- 
der) and the position of the electrodes and is proportional to the spec- 
ific resistance of the tissue. 
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If the conductor is a C 5 ’'linder or a spliere, and if the specific 
resistance is constant tlirougliout its volume, the distribution of 
the current and thus computed. 

The problem of the current in a sphere, the current-electrodes 
being point-shaped, is rather simple and the value of the )>resis- 
tance» is expressed in a closed formula. But in the case of a cylinder 
we arc lead to rather tedious numerical calculations, the result of 
which we have laid down in a table. We will not discuss these cal- 
culations, because they may be only interesting to the mathema- 
tically scholed reader. 

To secure, tlie correctness of the reckoning in the case of a cylin- 
der, we have used a model. In the wall of a glass C 5 ’'linder four plat- 
inum wires are molten in, lying in a straight line, parallel to the axis 
of the cylinder. Tlie cylinder is filled with an electrolyte (a solution 
of NaCl) of known specific resistance. A direct current is sent 
through the clcctroh''tc, using the two outer electrodes as current- 
electrodes and the p. d. of the two inner electrodes (measuring- 
electrodes) is measured. It was in good agreement with the value, 
predicted mathematically, and thus we may trust our calculation. 

5. Results of the measurements. 

A. Homogeneous current-distribulion in cylindrical parts. 

In the first place we have examined the arm. It rests horizont- 
ally on a support, with the back of the hand upward. The current 
is passing from hand to hand, to secure a homogeneous current- 
distribution. The specific resistance is deduced as a rule from the 
p. d. of points on the dorsal side of the arm and on a distance of 5 
cm from each other. So the mean specific resistance of a part of the 
arm, 5 cm long, is found in a point halfway between the two measur- 
ing-electrodes. 

The surface of the cross-section of the arm is determined from 
its circumference. Tliis is measured with a piece of coi'd, wound 
some times around the arm. A correction accounts for the thickness 
of the cord and for the slight )>elUpticity» of the arms cross-section. 

The specific resistance thus found depends upon the place i. e. 
on the distance from the hand or from the shoulder. To define the 
place we have measured, along the stretched arm, the distance from 
the wrist, (proc. styloideus ulnae). 
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• Besides this, the value of the specific resistance depends on the 
attitude of the arm, on the test-person and on unknown circum- 
stances. 

Fig. 6. gives a curve, illustrating the way in which the specific 
resistance of the arm depends upon the place. The average value 
for the fore-arm amounts ot about 230f3cm, corresponding to a 
solution of NaCl of only 0.2 %. It is remarkable that Rosenthal (2) 
finds about the same value using a. e. of 2000 cycles. The place 
of the elbow-joint is by no means marked on our curve. So there is 
no additional resistance in this joint, as is sometimes asserted. 


• i? cm 

300 

?oo 

too 

O 

O lO 20 30 <lOcm 

Fig. G. Specific resistance of the arm as a function of the distance from 

the wrist. 

It would be interesting to explain the shape of the curve of fig. 6. 
We expected first, that the badly conducting bones might be the 
cause of the differences of the mean specific resistance in different 
parts of the arm. We therefore have measured the diameter of the 
bone Nvith a Rontgen-apparatus on different places of the arm. We 
hoped to be able to compute from these data the specific resistance of 
bone and flesh separately. Tliis, however, appeared to be impos- 
sible as the mean specific resistance can be larger in parts of the 
arm with relatively less of the badly conducting bone and the speci- 
fic resistance of the bone even can come out negative . We therefore 
cannot give an explanation of the curve of fig. 6. 

The supposition of the homogeneously conducting arm is too 
simple. This appeares not only from the different values of the spe- 
cific resistance along the arm as mentioned above, but also from 
the fact, that the lines of equal potential, that can be drawn on the 
surface of an arm through which a current flows, are not situated 
in a plane peipendicular to the arm. We could state this in the 
following way. One measuring-electrode got a fixed place on the 
nrm. The other measuring-electrode was placed such, that the p. d. 
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between both electrodes was zero. Different positions of this other 
electrode around the aim fulfill this requirement. The line joining 
these positions can be drawn on the skin and is a line of equal 
potential as mentioned above. It is difficult to determine these 
aequipotential lines with accuracy, as a slight change in the atti- 
tude of the arm seems to have an appreciable influence on them. We 
therefore have not constructed the whole aequipotential line, but 
measured the distances of four of its points on the medial, lateral, 
dorsal and ventral sides of the arm from the top of the middle- 
finger. For points about halfway the fore-arm the following is 
found. In the average the aepuipotential line is on the medial 
side about 2.5 cm further from this top than on the lateral side. 
The obliqueness of the plane in which the aequipotential line is 
situated follows from this result to be about 15°. It indicates 
that less-conducting tissue is situated between the place of the 
oblique aequipotential line and the elbow at the medial side or 
between this place and the wrist at the lateral side. A sketch of the 
course of the lines of flow of the current may elucidate this, but 
we will not insist on this. 

The electrical inhomogeneity of the arm appears also from 
measurements of the p.d. between two measuring-electrodes at 5 
cm distance placed at the lateral, medical, ventral and dorsal side of 
the arm, each time at the same distance of the wrist. The p, d,’s 
found ill this way arc somewhat different. So the- value of the 
specific resistance given by fig. 6 cannot be quite exact, as it is 
derived from measurements at the dorsal side of the arm only. The 
mean value along the ivliolc fore-arm, however, will not be affected 
to an appreciable extent by the inhomogeneity. 

The fingers arc examined with a current entering at the top of 
the finger and leaving at the other end. We have only measured 
a mean value of the specific resistance over nearly the whole length 
of the finger. The cross-section is found from the circumference as 
in the case of the arm. There is no appreciable difference in the 
specific resistance of the different fingers. The mean value is 235.0 
cm. It is remarkable that the fingers, notwithstanding the larger 
bone-contents, have the same specific resistance as the arm. 

The middle hand can in first approximation be considered as 
a rectangular plate of uniform thickness and so formula (I) may 
be applied. The current is entering at the four fingers and leaving 
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at the wrist. The mean specific resistance is found -to he about 
280 cm. 

Tlie neck is an approximately cylindrical part of the body with 
relatively little bone. It is investigated by means of a current, sent 
from the head to the arm i. e. to the trunk. Although tlie neck is no 
quite a cylinder, yet in the thinnest part the lines of flow will he 
nearly parallel. So, by measuring the p. d. between two electrodes 
at some centimeters distance, it is possible to find a rather 
reliable value of the specific resistance. Tlie value thus found is 
280 cm. 

Finally we will mention our measurements on the trunk. To 
secure a homogeneous current-distribution the current is conveyed 
at the upper side by head and arms and at the lower side by 
the legs. By large resistances in the three branches at the 
upper side and in the two at the lower side the current is 
distributed equally, the relatively small resistance of the skin at the 
points of entrance of the current being of little influence. So the 
lines of flow of the electricity are nearly parallel inside the trunk. 
Indeed the p. d. between the measuring-electrodes is zero, if the 
line joining them is perpendicular to the axis of the trunk. The 
distance of the measuring-electrodes varied heUveen 2 and 12 cm. 
They were placed one above the other, the line joining them being 
parallel to the axis of the trunk. The mean specific resistance is 
found to be about 415 13 cm. 

This value is large as compared wdth the above mentioned 
one’s. This may be partly attributed to the air in the lungs, which 
is a non-conductor. To confirm this statement the mean specific 
resistance is measured with maximal filled and with minimal 
filled lungs both. Indeed the specific resistance in the first case 
(455 cm) is larger than in the second one (375 Q cm), as was 
to be expected from the larger (resp. smaller) air-contents of 
the trunk. 

Even in the second case the lungs still contain some air, which 
enlarges the mean specific resistance of the trunk. Could this be 
removed, the value 375 Q cm would still be diminished a little, s&y 
by about one third of the difference 455 Q cm— 375 Q cm, as 
the residual air is about one third of the vital capacity. So the 
trunk, deprived of air, would have a mean specific resistance of 
375—25 = 350 Q cm. This is much larger than is found for the 
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computed, according to the above considerations, the specific 
resistance of the head. We will only discuss the results. 

In the first place we have investigated the p. d. between the 
measuring-electrodes, when the current-electrodes were placed at 
points of the head lying diametrically opposite (near the temples). 
According to the supposition of the homogeneous head, i. e. of the 
well conducting bone, the apparent specific resistance is 840 Q 
cm. This large value points to the large specific resistance of the 
bone of the skull, which hinders the current to enter into the brain. 
The value found with the second hypothesis (of the isolating skull) is 
70 iQ cm. This is much smaller than can be expected for normal 
human tissue, indicating that this hypothesis too must be rejected; 
a part of the current does enter into the brain. 

We have also measured the apparent specific resistance, placing 
the current-electrodes on distances, smaller than a half-circum- 
ference. The measuring-electrodes are symmetrically placed on the 
same great circle as the current-electrodes. Tlie point halfway the 
electrodes was the centre of the fore-head. This method .has the 
advantage that the departing from sphericity of the head is smaller 
in the smaller part which is investigated. In this case too, the appa- 
rent specific resistanc is smaller according the second hypothe- 
sis (of the isolating skull). It is very remarkable that the values 
found are depending on the distance of the electrodes and approach 
to the value of 23013 cm, characteristic for human tissue, when the 
distance of the current-electrodes approaches to zero. This is to be 
expected, as with a small distance of the electrodes, the lines of 
flow of the current will take their course through the conducting 
layer outside the skull, without being influenced appreciably by 
it. If this distance could be made smaller than the thickness of this 
layer, the current would not be influenced at all by the skull, and 
both hypotheses would give the same value, that of the tissue of 
the layer. In fig. 7 the points give each the average of several mea- 
surements with one and the same distance of the current-electrodes 
and with different distances of the measuring electrodes. All points 
refer to the same test-person. Tlie great circle on which the elec- 
trodes are situated is horizontal, but in a few cases we have mea- 
sured the apparent specific resistance in placing the electrodes on 
a vertical circle and have found nearly the same value. 

From fig. 7 it is seen that .the apparent specific resistance. 
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according to the hypothesis of the isolating skull, does not depend 
very strongly on the distance of the electrodes and is not very far 
from the normal value. So the hypothesis of the isolating skull is 
nearer to the truth than that of the homogeneous sphere i, c. the 
bone conducts so badly that onl}’’ a small part of the current enters 
into it. Tliis part is the greater, the larger is the distance of the 
current-electrodes. 



Fif*. 7. Apparent specific resistance of the licaci as a function of the 
distance of the currcnt-elcctrodes. Difference of the result according to the . 
hypothesis of the homogeneous sphere and to that of the isolating skull. 


That the values of the apparent specific resistance, found with 
current-electrodes placed diametrically on the head, are so small 
with respect to the one’s, given in fig. 7, so that they do not fit at 
all in the curves, must be a consequence of the small thickness of 
the temples. The isolating layer there is so thin that the current 
enters for a large part into the brain through tlie temples and the 
current is not so much concentrated on the fore-head. 

C. Inhomogeneous current-distribution in the arm. 

In this case the four electrodes are placed on a straight line on 
the fore-arm, parallel to its axis. The position of the arm is the 
same as described on p. 593; the electrodes are placed as a rule on its 
upper-side i. e. on the dorsal side. The electrodes are arranged 
symmetrically, just as in the case of the investigation of he head, 
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the point lialfway the measuring electrodes l^eing halfway tlic cur- 
rent-electrodes. 

A series of measurements is made' with different distances 
of both current- and measuring-electrodes. The point halfway, 
mentioned above, however, is the same for the whole series. The 
specific resistance found in this way appeared to be not invariable, 
but varies with both distances, principally with the distance of the 
current-electrodes. Tliereforc W'e have taken the mean value for 
different distances of the measuring-electrodes and plotted it 
against their common distance of the current-electrodes. From fig. 8 



Fig. 8. Apparent specific resistance of the arm os a function of tlie 
distance of the currcnt-clcctrodes. 


we read the remarkable fact, that the specific resistance is found the 
smaller, the larger is the distance of the current-electrodes. It 
approaches a value of about 2-10 cm, (as is found previously for 
homogeneous current-distribution) if the distance of the current- 
electrodes becomes large enough. The curve of fig. 8 is found as a 
mean from different series of measurements for two test-persons. 

So our hypothesis of the homogeneous and isotropic tissue of 
the arm has to be rejected. A possible explanation' of the fact illu- 
strated by fig. 8, were the influence of the badly conducting layer 
of tissue e. g. of fat, surrounding the better conducting muscular 
tissue. Just as in the case of the head it is easily seen without reckon- 
ing (and can be confirmed by calculation) that the current is forced 
to enter the deeper layers, if the current-electrodes are farther apart. 
If the distance is large enough, the specific resistance of these deeper 
layers is found. But if the distance of the current-electrodes is small, 
the current flows for the larger part in the more superficial layei 
of fat, with its higher specific resistance. So the specific resistance 
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found from the measurement is the greater, the smaller is the dis- 
tance of the current-electrodes. This .fact is illustrated by fig. 8, 
in which the value of the apparent specific resistance is plotted as a 
function of the distance of the current electrodes. The curve con- 
necting the experimental points (full line) can be extrapolated 
(dotted line) to the value of about 240 Q cm, found with a current 
flowing through the arm, in the direction of its axis. This value 
would be found with a sufficiently large distance of the current- 
electrodes. 


6. Anisotropy of the muscular tissue. 

Another explanation of the fore-going peculiarity may be a 
possible electrical anisotropy of the muscles of the arm. These 
consist of long fibres, arranged nearly parallel. A current flowing in 
the direction of these fibres i. c. parallel to the axis of the arm, 
encounters a resistance which is not very far from the true resistance 
of the contents of the muscular fibres. But a current, flowing per- 
pendicularly to the direction of the fibres, encounters a larger num- 
ber of cell-membranes on the same length of path and therefore the 
specific resistance will be larger. 

To test this supposition by experiment, we must study a case in 
which the current flows as much as possibleperpendicularly to the 
direction of the muscular-fibres i. e. perpendicularly to the axis of 
the arm. An exact realisation of these transverse current is not 
possible without cutting a cylindrical piece of muscular substance 
of the correct orientation out of a muscle. An investigation on a live 
arm can use a field of flow as is generated by two current-electrodes 
Cj and Co, situated in the same perpendicular cross-section of the 
arm and in opposite points. As is sJiown in fig. 9 in a section in 
length, the lines of flow will then have a course Avhich is on the whole 
about perpendicular to the axis of the arm. HoAvever, in the 
neighbourhood of the current electrodes Cj and the lines cf flow' 
are not at all perpendicular to the axis of the arm. 

The solution of the mathematical problem of the current in an 
anisotropic cylinder, having an uni-axial symmetr}’’ of its electric 
conductivity, the axis of minimal specific resistance coinciding with 
the axis of the cylinder, can easily be deduced from the solution of 
the problem of the isotropic cylinder. As formerly w'e wall not give 
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tlie mathematical deduction, but only mention the results. These 
are - numerically calculable if we wish to know the potential in 
points, lying in another perpendicular cross-section than the current- 
electrodes. But just in the case we wish to investigate, these points 

■ 1 



Fig. 9. Transverse current through the arm. Cj and Cg = current- 
• • ‘ electrodes. 

(the measuring-electrodes) have rather to be placed in the same 
cross-section as the current-electrodes and then the series, which 
must be numerically computed, diverges. We have not succeeded 
in finding a solution of the mathematical problem in a form other 



Fig. 10. Model of the arm, with seven electrodes Si, serving for 

studying the transverse current. 

than this diverging series. On the other hand this series represents 
a definite and finite function of the distance of current- and 
measuring-electrodes, that, once determined, can serve as a base for 
the interpretation of the measurements with the transverse current. 
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Now the same function enters into the reckoning both in the 
case of the anisotropic and of the isotropic medium. Therefore we 
could determine this function experimentally with the aid of an 
isotropic medium. To this purpose a cylindrical glass-tube T (fig. 10) 
is used, closed at its lower side with a non-conducting bottom B 
and filled with an electrolytical conductor of known specific resist- 
ance. A number of metal strips 5 between the edge of the tube and 
the bottom, and protruding only a little inside, serve as electrodes. 

aiid 5,, situated diametrically, are the current electrodes, . .Sq 
arc the measuring-electrodes. Measurement of the p. d. between 
the latter gives values of the unknown function, mentioned above, 
which can be represented by a graph. This function, thus deter- 
mined with an isotropic medium, may be applied for an anisotropic 
medium c. g. the arm. 

The measurements of the resistance of the arm using a trans- 
verse current, can now be used to draw a conclusion with respect to 
the two specific resistances of the anisotropic medium, Tlie mathe- 
matical analysis shows that we can compute from the experimen- 
tal result with transverse ciuTent the value of the square root of 
both specific resistances, the longitudinal one Qi and the transver- 
sal one Qi. From a number of measurements witli transverse cur- 
rent, using different distances of the measuring-electrodes, we have 
found: 

1^01 Qt ~ ^ 

Qi, the longitudinal specific resistance, can be deduced from the 
cases in which the current flows parallel to the axis of the arm. For- 
nierl}’- (p. 594) we liave mentioned the value; 

. Tlius we conclude: 

Qt 

Just as we expected (p. 601) the transversal specific resistance Qi 
is appreciably larger than the longitudinal one. Tlie ratio Q^fQl — 
470/230 = 2.0 is in remarkable accordance with the measurements 
of Sapegno (3) on frog-muscles. 

The transversal specific resistance of 470 Q’cm, however, is 
smaller than the largest value of the apparent specific resistance 
40 — Ada mcd. scandinav. Vol. CXIV. 


Qi — 230 Q cm. 


3302 ^ 

= 23 ^ ^ ~ ^ 
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(570 Q cm), found with the four electrodes on a straight line (p. 17) 
and neglecting the anisotropy. Therefore it seems probable tliat 
the two explanations, mentioned on p. 600/601 both are true. The 
conductivity of the muscles indeed is anisotropic and at the same 
time a layer of badly conducting tissue under the skin has an influ- 
ence on the current-distribution. 

To arrive at an exact determination of p, and it should be 
necessary to develop a mathematical theory of the current-distri- 
bution in an anisotropic homogeneous cylinder, enveloped by 
a badly conducting isotropic layer. The »resistances» measured 
with the four electrodes on a straight line should have been inter- 
preted, according to this thooiy. The mathematical complications 
of this solution, however, seem to be so large, that we have not 
endeavored to follow this wajf. 

7, Influence of outer circumstances on the specific 

resistance. 

We have tried to influence the specific resistance of the arm and 
of the fingers by different outer circumstances. 

a. The time during which the current passes, is varied from 4 
to 15 seconds and in each case the resistance of a part of the arm 
is measured. The same value of the resistance is found and thus we 
may conclude that the interior polarization is not influenced by the 
time during which the current passes. 

b. The fingers are heated in warm water, dried quicldy and the 
specific resistance is measured. Then the fingers are cooled in a 
liquid of about — 10° C, dried and measured again. No appreciable 
difference in the two cases is found. So the filling of the fingers 
with more or less blood has only a slight influence on the specific 
resistance. Thi is not surprising, as the specific resistance of blood 
is only slightly less than that of the tissue of the fingers (seep. 606). 

c. To investigate the influence of the blood-contents of the 
fingers in another way we have swathed a finger with an elastic ban- 
dage, measured the resistance and measured it again after releasing 
the pressure. In this case too the influence is too small to be stated. 

d. Wlien the resistance of a part of the arm is measured repeat- 
edly, the values are slightly different. This may be caused by 
errors of the method, but it is also possible that the human body is 
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in somewliat different conditions on different days. Possibly the 
^Yatcr-contents of the body is variable and thus the specific resis- 
tance of the tissues. We therefore have measured the resistance of 
a part of the arm alternately after a period of excessive drinking 
(2 liters of water in 2 hours) and of an abstination of drinking 
during several hours. Tlic difference in the resistance was not larger 
than the mean error in the measurement. So the small differences 
in the specific resistance found on different days are not to be 
ascribed to the differences in tlie amount of resorbed water, caused 
by more or less drinking. 

c. Finally we have investigated whether the contraction of the 
muscles of the arm has any influence on its resistance. No effect 
whatever could be observed. 


8. Specific resistance of the blood. 

We have asked ourselves, if the blood plays an important part in 
the conduction of the tissues. Therefore we have measured its 
specific resistance with the same method as used for the human 
tissue. To avoid coagulation we have sometimes added 0.01 till 
0.001 % of hcparinc. As this is no electrolyte and its concentration 
is very small, it has no appreciable influence on the specific resis- 
tance. 

We have made each measurement with the small quantity of 
blood, which can be obtained by a prick with a snapper i. The 
blood is mixed with a small amount of a 0,1 % solution of heparine 
and sucked in a capillary tube with a cross-section of 1 mnF and a 
length of 40 mm. This is provided with four platinum electrodes of 
which the outer one’s, nearly at the end of the tube, serve as cur- 
rent-electrodes, and the other two as measuring-electrodes. In this 
case, as formerly, polarization has no influence. The specific resis- 
tance of the blood is deduced by comparing the resistance, found 
in this way, with the resistance found by filling the tube with a solu- 
tion of NaCl of known specific resistance. By doing so, it is not 
necessary to know the current-intensity, the distance of the measur- 
ing electrodes or the cross-section of the tube. The measurement 

1 By swinging the arm around it is possible to centrifuge so much blood to 
the hand that a prick of only 2 — 3 mm deep gives about halt a cm® of blood. 
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is cxtTUtiMl at riKtmk-injHTaturr i. o. 18'. .As a tm-an for sonia difk- 
iviit jHTSons is fuiiml for tin- sj)t‘cific ro.sistaaci* of tin* blood to 
(iirfcl (Mirrcnl at 18' a valiu- of 'JHO O ctn. To conipan- Uus Yaliii! 
with tlu‘ om- found for tin- lissm-^. it tniist In- n-dui-nd to body- 
tcinl)i-ratuiv of say :i7^ Wt- will ar(vj)l a U-fiiptMalun-di ju'ndeiK-c, 
which c(]uals tin- on<- of Naf'.l, as is to be rNin-ftcd for tin- ions, 
pft-vailini; in tlu- blood. WV fitid that tin- sprcific n-sislancn of tin? 
blood at i'lT will lu- 1.1.") tinn-s sniaib-r than at 18 , so blood at 
brnly-toiupi-ratuii- Ims a s]n-(-ific ri-sistanrc of IbO f} rm. 

As is S(-»-n from this mimln-r it is not st) nnu-h sinalk-r than Iho. 
mean sj)t-dfit‘ resist anct- «'f our tissttes. So tbt-re is no reason to 
stij>jiosv that tin- i-lfctric euireiit in otir body will follow the blood- 
Vt-ssi-ls as is sonn-tinn s supposed. 

It si-t-ms vi-ry mrious that tin- sjn-iifii.: n-sistanct- of oiir body, 
.'iinl iti jiarlicular that of tin- blood, is so much larger than that of a 
jdiysioloidcal solution, which isaeiiuiyab-nt with tin- blood in osmotic 
bt-hayiour. While tin- sin cific rcsisl.-incc of physiological solution 
is a«‘(}iiis;il(-nt with about <).*.» Xat'I. that of tin- blood corresponds 
to about f).8 Xat'I. It i'- obvious that tin- poor penucability of the 
im-mbraues of tlu- ep,'thtocytes to ions is iisjionsible for tlii.sdiffo' 
rence (1). 

'1*0 investioatc this influence of the er\ throcyte.s on the specific 
resistance of tin- hlood, wi- have ceidriftiped it to n-inoye the 
orylhrocyles. 'I’o that ]uirj»ose a cajiillary tuio- was fiilett with 
hlood tni.xed with lu-]tarine. rentrifneed and hrokenat the boundary 
of the collecleil »-rythroeytes. The plasma thus Separated was 
fransjiorted into tin- e:i]>illary tuln- witli the four plrdinuni eleclro' 
des, mentioiu-ri ahoyt- and tin- sjucifie resistance was nn.-asured. It 
appeared to hi- UKt [} cm at 18\ corn spondiniJ: to 70 cm at body- 
(ernperature. 

Indeed, as was to In- expected, it is mttch smaller than the speci- 
fic resistance of the blornl and diffen-s not much from that of physio- 
lf)^i(-al solution (ahont 72 £2 cm at 18'). 

In nnaloey to [he hlood. it i.s without doubt tin- influence of 
llie cell-mcmbraju-s wbicli makes tin- specific resislnnce of human 
tissue St) much lar/»er than that of j)liysio!oeical solution at the same 
tem])eralure. 
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Summary. 

The specific resistance of different parts of the live human body 
to direct current is measured. Tlic influence of the resistance of the 
skin is eliminated by measuring p. d.’s on the skin with a triode- 
voltmeter, which needs no current for its indication. 

The values of the specific resistance of different parts of the 
body diverge not strongly and arc larger than is to be expected for 
a ph3''siological salt-solution. This must be ascribed to the influence 
of tile cell-membranes. 

The bones in the arm cannot account for the differences of 
specific resistance along the arm. The elbow-joint has no extra- 
resistance. 

The skull has an appreciable isolating influence. The current, 
however, can rather easily'' enter into the brains through the 
temples. 

Anomalies of the conductance of the arm can be explained by 
an isolating la3’'cr of fat around the arm and by an anisotropy of the 
electric conductance through a muscle. 

The trunk is less conducting than the arm. For a part this has 
to be attributed to the air in the lungs. 

The blood is onlj" slightl}' better conducting than the mean 
human tissue. So a current will not go preferably along the blood- 
vessels. 

The blood-plasma conducts better than the blood, as the mem- 
branes of the eiythrocjdes, which are not easily penetrated by ions, 
are absent. 
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